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J.  18.  On  Induction.  If  i.  Induction  an  action  o/ con- 
tiguous particles.  %  ii.  Absolute  charge  of  matter. 
H  iii.  Electrometer  and  inductive  apparatus  employed. 
^  iv.  Induction  in  curved  lines.  If  v.  Specific  inductive 
capacity.    %  vi.     General  results  as  to  induction. 

%  i.     Induction  an  action  of  contiguous  particles. 

1 161.  The  science  of  electricity  is  in  that  state  in  which 
every  part  of  it  requires  experimental  investigation ;  not  merely 
for  the  discovery  of  new  effects,  but,  what  is  just  now  of  fai: 
more  importance,  the  development  of  the  means  by  which 
the  aid  efiects  are  produced,  and  the  consequent  more  accurate 
determination  of  tne  first  principles  of  action  of  the  most  extra- 
ordinary and  universal  power  in  nature: — and  to  those  philoso- 
phers who  pursue  the  inquiry  zealously  yet  cautiously,  combin- 
mg  experiments  with  analogy,  suspicious  of  their  preconceived 
notions,  paying  morerespect  to  a  fact  than  a  theory,  not  too  hasty 
togeneralize,  and  above  all  things,  willing  at  every  step  to  cross^ 
examine  their  own  opinions,  both  by  reasoning  and  experiment, 
no  branch  of  knowledge  can  afford  so  fine  and  ready  a  field  for 
discovery  as  this.  Such  is  most  abundantly  shown  to  be  the 
case  by  the  progress  which  electricity  has  made  in  the  last 

*  From  the  Transactions  of  the  Royal  Society. 
Vol.  IV.— No.  19,  July,  1839.  A 
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2     Dr.  Faraday's  experimental  researches  in  electricity, 

thirty  years:  Chemistry  and  Magnetism  have  successively 
acknowledged  its  overruling  influence;  and  it  is  probable  that 
every  effect  depending  upon  the  powers  of  inorganic  matter, 
and  perhaps  most  of  those  related  to  vegetable  and  animal 
life,  will  ultimately  be  found  subordinate  to  it. 

1162.  Amongst  the  actions  of  different  kinds  into  which 
electricity  has  conventionally  been  subdivided,  there  is,  I 
think,  none  which  excels  or  even  equals  in  importance  that 
called  Induction.  It  is  of  the  most  general  influence  in  elec- 
trical phaenomena  appearing  to  be  concerned  in  every  one  of 
them,  and  has  in  reality  the  character  of  a  first,  essential,  and 
fundamental  principle.  Its  comprehension  is  so  important, 
that  I  think  we  cannot  proceed  much  further  in  the  investiga- 
tion of  the  laws  of  electricity  without  a  more  thorough  under- 
standing of  its  nature;  how  otherwise  can  we  hope  to  com- 
prehend the  harmony  and  even  unity  of  action  which  doubt- 
less governs  electrical  excitement  by  friction,  by  chemical 
means,  by  heat,  by  magnetic  influence,  by  evaporation,  and 
even  by  the  living  being? 

1 1 63.  In  the  long- continued  course  of  experimental  inquiry 
in  which  I  have  been  engaged,  this  general  result  has  pressed 
upon  me  constantly,  namely,  the  necessity  of  admitting  two 
forces,  or  two  forms  or  directions  of  a  force  (5 16. 517.),  com- 
bined with  the  impossibility  of  separating  these  two  forces  (or 
electricities)  from  each  other,  either  in  the  phaenomena  of  sta- 
tical electricity  or  those  of  the  cuiTent.  In  association  with 
this,  the  impossibility  under  any  circumstances,  as  yet,  of  abso- 
lutely charging  matter  of  any  kind  with  one  or  the  other  electri- 
city dwelt  on  my  mind,  and  made  me  wish  and  search  for  a 
clearer  view  than  any  that  I  was  acquainted  with,  of  the  way  in 
which  electrical  powers  and  the  particles  of  matter  are  related; 
especially  in  inductive  actions  upon  which  almost  all  others 
appeared  to  rest. 

1 164.  When  I  discovered  the  general  fact  that  electrolytes 
refused  to  yield  their  elements  to  a  current  when  in  the  solid 
state  though  they  gave  them  forth  freely  if  in  the  liquid  con- 
dition (380.  394.  402.),  I  thought  I  saw  an  opening  to  the  elu- 
cidation of  inductive  action  and  the  possible  subjugation  of 
many  dissimilar  phaenomena  to  one  law.  For  let  the  electro- 
lyte be  water,  a  plate  of  ice  being  coated  with  platina  foil  on  its 
twosurfiEices,  ana  these  coatings  connected  with  any  continued 
source  of  the  two  electrical  powers,  the  ice  will  charge  like  a 
Leyden  arrangement,  presenting  a  case  of  common  induction, 
but  nocurrent  will  pass.  If  the  ice  be  liquefied,  the  induction  will 
fall  to  a  certain  degree,  because  a  current  can  now  pass;  but  its 
passing  is  dependent  upon  a  peculiar  molecular  arrangement 
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of  the  particles  consistent  with  transfer  of  the  elements  of  the 
the  electrolyte  in  opposite  directions,  the  degree  of  discharge  and 
the  quantity  of  elements  evolved  being  exactly  proportioned  to 
each  other  (377. 783.).  Whether  the  charging  of  the  metallic 
coating  be  effected  by  a  powerful  electrical  machine,  a  strong 
and  large  voltaic  battery,  or  a  single  pair  of  plates,  makes  no 
difierence  in  the  principle,  but  only  in  the  degree  of  action 
(360.).  Common  induction  takes  place  in  each  case  if  the 
electrolyte  be  solid,  or  if  fluid  chemioal  action  and  decomposi- 
tion ensae,  provided  opposing  actions  do  not  interfere;  and  it 
is  of  high  importance  occasionally  thus  to  compare  effects  in 
their  extreme  degrees,  for  the  purpose  of  enabling  us  to 
comfH^hend  the  nature  of  an  action  in  its  weak  state,  which 
may  be  only  sufficiently  evident  to  us  in  its  stronger  condition. 
As,  therefore,  in  the  electrolyte,  induction  appeared  to  be 
the^r^^  step,  and  decomposition  the  second  (the  power  of 
separating  these  steps  from  each  other  by  giving  the  solid  or 
fluid  condition  being  in  our  hands);  as  the  induction  was  the 
same  in  its  nature  as  that  through  air,  glass,  wax,  &c.  pro^ 
duced  by  any  of  the  ordinary  means;  and  as  the  whole  effect 
in  the  electrolyte  appeared  to  be  an  action  of  the  particles 
thrown  into  a  peculiar  or  polarized  state,  I  was  led  to  suspect 
that  common  induction  itself  was  in  all  cases  an  action  of 
contigmms  particles^  and  that  electrical  action  at  a  distance 
(i.  e.  ordinary  inductive  action)  never  occurred  except  through 
the  intermediate  influence  of  the  intervening  matter. 

1 165.  The  respect  which  I  entertain  towards  the  names  of 
Epinus,  Cavendish,  Poisson,  and  other  most  eminent  men,  all 
of  whose  theories  I  believe  consider  induction  as  an  action  at 
a  distance  and  in  straight  lines,  long  indisposed  me  to  the 
view  I  have  just  stated;  and  though  I  always  watched  for  op- 
p(»'tunities  to  prove  the  opposite  opinion,  and  made  such  ex^ 
periments  occasionally  as  seemed  to  bear  directly  on  the  point, 
as,  for  instance,  the  examination  of  electrolytes,  solid  and 
fluid,  whilst  under  induction  by  polarized  light  (951,955.),  it  is 
only  of  late,  and  by  degrees,  that  the  extreme  generality  of  the 
subject  has  urged  me  still  farther  to  extend  my  experiments 
and  publish  my  view.  At  present  I  believe  ordinary  induc- 
tion in  all  cases  to  be  an  action  of  contiguous  particles,  con- 
sisting in  a  species  of  polarity,  instead  of  being  an  action  of 
either  particles  or  masses  at  sensible  distances:  and  if  this  be 
true,  the  distinction  and  establishment  of  such  a  truth  must 
be  of  the  ^eatest  consequence  to  our  further  progress  in  the 
investigation  of  the  nature  of  electric  forces.  1  he  linked  con- 
dition of  electrical  induction  with  chemical  decomposition; 
of  voltaic  excitement  with  chemical  action ;  the  transfer  of 
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elements  in  an  electrolyte;  the  original  cause  of  excitement 
in  all  cases ;  the  nature  and  relation  of  conduction  and  insu- 
lation; of  the  direct  and  lateral  or  transverse  action  consti- 
tuting electricity  and  magnetism;  with  many  other  things 
more  or  less  incomprehensible  at  present,  would  all  be  aflected 
by  it,  and  perhaps  receive  a  full  explication  in  their  reduction 
under  one  general  law. 

1166.  I  searched  for  an  unexceptionable  test  of  my  view 
not  merely  in  the  accordance  of  known  facts  with  it,  but  in 
the  consequences  which  would  flow  from  it  if  true ;  especially 
in  those  which  would  not  be  consistent  with  the  theory  of  ac- 
tion at  a  distance.  Such  a  consequence  seemed  to  me  to  pre- 
sent itself  in  the  direction  in  which  inductive  action  could  be 
exerted.  If  in  straight  lines  only,  though  not  perhaps  decisive, 
it  would  be  against  my  view ;  if  in  curved  lines  also,  that  would 
be  a  natural  result  of  the  action  of  contiguous  particles^  but  I 
think  utterly  incompatible  with  action  at  a  distance,  as  assumed 
by  the  received  theories,  which  according  to  every  fact  and 
analogy  we  are  ac(][uainted  with,  is  always  in  straiglit  lines. 

1167.  Again,  if  induction  be  an  action  of  contiguous  par- 
ticles, and  also  the  first  step  in  the  process  of  electrolyza:ion 
(1164,  949,).  there  seemed  reason  to  expect  some  particular 
relation  of  it  to  the  difierent  kinds  of  matter  through  which  it 
would  be  exerted,  or  something  equivalent  to  a  specific  elec- 
tric induction  for  difierent  bodies,  which,  if  it  existed,  would 
unequivocally  prove  the  dependance  of  induction  on  the  par- 
tides;  and  though  this,  in  the  theory  of  Poisson  and  others, 
has  never  been  supposed  to  be  the  case,  I  was  soon  led  to 
doubt  the  received  opinion,  and  have  taken  great  pains  in  sub- 
jecting this  matter  to  close  experimental  examination. 

1 168.  Another  ever-present  question  on  my  mind  has  been 
whether  electricity  has  an  actual  and  independent  existence 
as  a  fluid  or  fluids,  or  was  a  mere  power  of  matter,  like  what 
we  conceive  of  the  attraction  of  gravitation.  If  determined 
either  way  it  would  be  an  enormous  advance  in  our  knowledge ; 
and  as  having  the  most  direct  and  influential  bearing  on  my 
notions,  1  have  always  sought  for  experiments  which  would  in 
any  way  tend  to  elucidate  that  great  question.  It  was  in  at- 
tempts to  prove  the  existence  of  electricity  separate  from  mat- 
ter, by  giving  an  independent  charge  of  either  positive  or  ne- 
gative power  to  some  substance,  and  the  utter  failure  of  all 
such  attemps,  whatever  substance  was  used  or  whatever 
means  of  exciting  or  evolving  electricity  were  employed,  that 
first  drove  me  to  look  upon  induction  as  an  action  of  the  par- 
ticles of  matter,  each  having  both  forces  developed  in  it  in  ex- 
actly equal  amount.      It  is  this  circumstance,  in  connexion 


Digitized  by  VjOOQ IC 


Dr.  Faraday's  experimented  researches  in  electricity.    5 

with  others,  which  makes  me  desirous  of  placing  the  remarks 
on  absolute  charge  first,  in  the  order  of  proof  and  argument, 
which  I  am  about  to  adduce  in  favour  of  my  view,  that  elec- 
tric induction  is  an  action  of  the  contiguous  particles  of  the 
insulating  medium  or  di-electric, 

%  n.  On  the  absolute  charge  of  matter. 

1 169.  Can  matter,  either  conducting  or  non-conducting, 
be  charged  with  one  electric  force  independently  of  the  other 
in  the  least  degree,  either  in  a  sensible  or  latent  state  ? 

1170.  The  beautiful  experiments  of  Coulomb  upon  the 
equality  of  action  o{  conductors,  whatever  their  substance,  and 
the  residence  of  €Ul  the  electricity  upon  their  surfaces,*  are 
sufficient,  if  properly  viewed,  to  prove  that  conductors  cannot 
be  bodily  cnarged;  and  as  yet  no  means  of  communicating 
electricity  to  a  conductor  so  as  to  relate  its  particles  to  one 
electricity,  and  not  at  the  same  time  to  the  other  in  exactly 
equal  amount,  has  been  discovered. 

1 171.  With  regard  to  electric  or  non-conductors,  the  con- 
clusion does  not  at  first  seem  so  clear.  They  may  easily  be 
electrified  bodily,  either  by  communication  (1247.)  or  excite- 
ment ;  but  being  so  charged,  every  case  in  succession^  when 
examined,  came  out  to  be  a  case  of  induction,  and  not  of  ab- 
solute charge.  Thus,  glass  within  conductors  could  easily 
have  parts  not  in  contact  with  the  conductor  brought  into  an 
excited  state ;  but  it  was  always  found  that  a  portion  of  the 
inner  surface  of  the  conductor  was  in  an  opposite  and  equiva- 
lent state,  or  that  another  part  of  the  glass  itself  was  in  an 
equally  opposite  state,  an  indicctive  charge  and  not  an  absolute 
charge  having  been  acquired. 

1172.  Well-purified  oil  of  turpentine,  which  I  find  to  be 
an  excellent  liquid  insulator  for  most  purposes,  was  put  into 
a  metallic  vessel,  and  being  insulated,  was  charged,  sometimes 
by  contact  of  the  metal  with  the  electrical  machine,  and  at 
others  by  a  wire  dipping  into  the  fluid  within ;  but  whatever 
the  mode  of  commumcation,  no  electricity  of  one  kind  was  re- 
tained by  the  arrangement,  except  what  appeared  on  the  ex- 
terior surface  of  the  metal,  that  portion  bemg  there  only  by 
an  inductive  action  through  the  air  around.  When  the  oil  of 
turpentine  was  confined  m  glass  vessels,  there  were  at  first 
some  appearances  as  if  the  fluid  did  receive  an  absolute  charge 
of  electricity  from  the  charging  wire,  but  these  were  quickly 
reduced  to  cases  of  common  induction  jointly  through  the 
fluid,  the  glass,  and  the  surrounding  air. 

♦  M6moires  de  1' Academic,  1786,  pp.  67,  69 j  72 ;  1787.  p.  4b%^ 
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1173.  I  carried  these  experiments  on  with  air  to  a  very 
great  extent.  I  had  a  chamber  built,  being  a  cube  of  twelve 
feet  in  the  side.  A  slight  cubical  wooden  frame  was  constructed, 
and  copper  wire  passed  along  and  across  it  in  various  direc- 
tions, so  as  to  make  the  sides  a  large  net- work,  and  then  all 
was  covered -in  with  paper,  placed  in  close  connexion  with 
the  wires,  and  supplied  m  every  direction  with  bands  of  tin- 
foil, that  the  whole  might  be  brought  into  good  metallic  com- 
munication, and  rendered  a  free  conductor  in  every  part.  This 
chamber  was  insulated  in  the  lecture-room  of  the  Royal  In- 
stitution; a  glass  tube  about  six  feet  in  length  was  passed 
through  its  side,  leaving  about  four  feet  within  and  two  feet 
on  the  outside,  and  through  this  a  wire  passed  from  the  large 
electrical  machine  (290)  to  the  air  within.  By  working  the 
machine,  the  air  within  this  chamber  could  be  brought  into 
what  is  considered  a  highly  electrified  state  (being,  in  fact,  the 
same  state  as  that  of  the  air  of  a  room  in  which  a  powerful 
machine  is  in  operation)  and  at  the  same  time  the  outside  of 
the  insulated  cube  was  everywhere  strongly  charged.  But 
putting  the  chamber  in  communication  with  the  perfect  dis- 
charging train  described  in  a  former  series  (292.),  and  work- 
ing the  machine  so  as  to  bring  the  air  within  to  its  utmost  de- 
gree of  charge,  if  I  quickly  cut  off  the  connexion  with  the 
machine,  and  at  the  same  moment  or  instantly  after  insulated 
the  cube,  the  air  within  had  not  the  least  power  to  communi- 
cate a  further  charge  to  it.  If  any  portion  of  the  air  was 
electrified,  as  glass  or  other  insulators  may  be  charged  (1 171 ), 
it  was  accompanied  by  a  corresponding  opposite  action  within 
the  cube,  the  whole  effect  being  merely  a  case  of  induction. 
Every  attempt  to  charge  air  bodily  and  independently  with 
the  least  portion  of  either  electricity  failed. 

1174.  I  put  a  delicate  gold-leaf  electrometer  within  the 
cube,  and  then  charged  the  whole  by  an  ot<^«t6?6  communication, 
very  strongly,  for  some  time  together;  but  neither  during  the 
charge  or  after  the  discharge  did  the  electrometer  or  air  within 
show  the  least  sign  of  electricity.  I  charged  and  discharged 
the  whole  arrangement  in  various  ways,  but  in  no  case  could 
I  obtain  the  least  indication  of  an  absolute  charge ;  or  of  one 
by  induction  in  which  the  electricity  of  one  kind  had  the  small- 
est superiority  in  quantity  over  the  other.  I  went  into  the 
cube  and  lived  in  it,  and  using  lighted  candles,  electrometers, 
and  all  other  tests  of  electrical  states,  I  could  not  find  the  least 
influence  upon  them,  or  indication  of  anything  particular 
given  by  them,  though  all  the  time  the  outside  of  the  cube 
was  powerfully  charged,  and  large  sparks  and  brushes  were 
darting  off  from  every  part  of  its  outer  surface.     The  condu- 
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sion  I  have  come  to  is,  that  non-condoctors,  as  well  as  con* 
dactoi^,  have  never  yet  had  an  absolute  and  independentcharge 
of  one  dectricity  communicated  to  them,  and  that  to  all  ap- 
pearance such  a  state  of  matter  is  impossible. 

1 175.  There  is  anoth^  view  of  this  question  which  may  be 
taken  under  the  supposition  of  the  existence  of  an  electric 
fluid  or  fluids.  It  may  be  impossible  to  have  the  one  fluid  or 
state  in  a  free  condition  without  its  producing  by  induction  the 
other,  and  yet  possible  to  have  cases  in  which  an  insulated  por- 
tion oi  matter  in  one  condition  being  uncharged,  shall,  by  a 
chaqge  of  state,  evolve  one  electricity  or  the  other :  and  though 
such  evolved  electricity  might  immediately  induce  the  oppo- 
site state  in  its  neighbourhood,  yet  the  mere  evolution  of  one 
dectricity  without  the  other  in  the  first  instance^  would  be  a 
very  important  fietct  in  the  theory  which  assumes  a  fluid  or 
fluids;  these  theories  as  I  understand  them  assigning  not  the 
slightest  reason  why  such  an  effisct  should  not  occur. 

1176.  But  on  searching  for  such  cases  I  cannot  find  one. 
Evolution  by  friction,  as  is  well  known,  gives  both  powers  in 
equal  proportion.  So  does  evolution  by  chemical  action,  not- 
withstanding the  great  diversity  of  bodies  which  may  be  em- 
ployed, and  the  enormous  quantity  of  electricity  which  can  in 
this  planner  be  evolved  (371.  376.861.868.).  The  more 
promising  cases  of  change  of  state,  whether  by  evaporation, 
fiision,  or  the  reverse  processes,  still  give  both  forms  of  the 
power  in  equal  proportion;  and  the  cases  of  splitting  of  mica 
and  other  crystals,  the  breaking  of  sulphur,  ^c,  &c.,  are  sub- 
ject to  the  same  limitation. 

1 177.  As  far  as  experiment  has  proceeded,  it  appears,  there- 
fore, in^)ossible  either  to  evolve  or  make  disappear  one  elec- 
tric force  without  equal  and  corresponding  change  in  the 
other.  It  is  also  equally  impossible  experimentally  to  charge 
a  portion  of  matter  with  one  electric  force  independently  of 
the  other.  Charge  always  implies  indtiction,  for  it  can  in  no 
instance  be  efiected  without ;  and  also  the  pesenee  of  the  two 
forms  of  power,  equally  at  the  moment  of  development  and 
afterwards.  There  is  no  cJjsoltUe  charge  of  matter  with  one 
fluid;  no  latency  of  a  single  electricity.  This  though  a  neca* 
tively  result  is  an  exceedingly  important  one,  bein^  probably 
the  consequence  of  a  natural  impossibility,  which  will  become 
clear  to  us  when  we  understand  the  true  condition  and  theory 
of  the  electric  power. 

1178.  The  preceding  considerations  already  point  to  the 
following  conclusions :  bodies  cannot  be  chargea  absolutely, 
but  only  negatively,  and  by  a  principle  which  is  the  same  with 
that  of  tndiLCtion.     All  charge  is  sustained  by  induction.     All 
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phsBnomena  o{  intensity  include  the  principle  of  induction.  All 
excitation  is  dependent  on  or  directly  related  to  induction.  All 
currents  involve  previous  intensity  and  therefore  previous  in- 
duction. Induction  appears  to  be  the  essential  function  both 
in  the  first  development  and  the  consequent  phaenomena  of 
electricity. 

K  iiL  Electrometer  and  indtictive  apparatus  employed. 

1 179.  Leaving  for  a  time  the  further  consideration  of  the 
preceding  facts  until  they  can  be  collated  with  other  results 
bearing  directly  on  the  great  question  of  the  nature  of  induc- 
tion^ I  will  now  describe  the  apparatus  I  have  had  occasion 
to  use ;  and  in  proportion  to  the  importance  of  the  principles 
sought  to  be  established  is  the  necessity  of  doing  this  so  clearly 
as  to  leave  no  doubt  of  the  results  behind. 

1180.  Electrometer.  The  measuring  instrument  I  have  em- 
ployed has  been  the  torsion  balance  electrometer  of  Coulomb, 
constructed,  generally,  according  to  his  instructions,*  but  with 
certain  variations  and  additions,  which  I  will  briefly  describe. 
The  lower  part  was  a  glass  cylinder  eight  inches  in  height  and 
eight  inches  in  diameter ;  the  tube  for  the  torsion  thread 
was  seventeen  inches  in  length.  1  he  torsion  thread  itself  was 
not  of  metal,  but  glass,  according  to  the  excellent  suggestion 
of  the  late  Dr.  Ritchie.f  It  was  twenty  inches  in  length,  and 
of  such  tenuity  that  when  the  shell  lac  lever  and  attached  ball, 
&c.  were  connected  with  it,  they  made  about  ten  vibrations  in 
a  minute.  It  would  bear  torsion  through  four  revolutions,  or 
1440%  and  yet  when  released,  return  accurately  to  its  po- 
sition ;  probably  it  would  have  borne  considerably  more  than 
this  without  injury.  The  repelled  ball  was  of  pith,  gilt,  and 
was  0-3  of  an  inch  in  diameter.  The  horizontal  stem  or  lever 
supporting  it  was  of  shell  lac,  according  to  Coulomb's  direc- 
tion, the  arm  carrying  the  ball  being  2'4  inches  long  and  the 
other  only  1*2  inches :  to  this  was  attached  the  vane,  also  de- 
scribed by  Coulomb,  which  I  found  to  answer  admirably  its 
purpose  of  quickly  destroying  vibrations.  That  the  inductive 
action  withm  the  electrometer  might  be  uniform  in  all  posi- 
tions of  the  repelled  ball  and  in  all  states  of  the  apparatus, 
two  bands  of  tin  foil,  about  an  inch  wide  each,  were  attached 
to  the  inner  surface  of  the  glass  cylinder,  going  entirely  round 
it  at  a  distance  of  0*4  of  an  inch  from  each  other,  and  at 
such  a  height  that  the  intermediate  clear  surface  was  in  the 
same  horizontal  plane  with  the  lever  and  ball.      These  bands 

*  M^moiresde  I'Academie,  1785,  p.  570. 
f  Phil.  Tran^,  1830. 
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were  connected  with  each  other  and  with  the  earthy  and^  being 
perfect  conductors,  always  exerted  a  uniform  influence  on  the 
electrified  balls  within,  which  the  glass  surface,  from  its  irre- 
gularity of  condition  at  different  times,  I  found,  did  not. 
For  the  purpose  of  keeping  the  air  within  the  electrometer  in 
a  constant  state  as  to  oryness,  a  glass  dish,  of  such  size  as  to 
enter  easUy  within  the  cylinder,  had  a  layer  of  fused  potash 
placed  within  it,  and  this  being  covered  with  a  disc  of  fine 
wire  gauze  to  render  its  inductive  action  uniform  at  all  parts, 
was  placed  within  the  instrument  at  the  bottom  and  left  there. 

1181.  llie  moveable  ball  used  to  take  and  measure  the  por- 
tion of  electricity  under  examination,  and  which  maybe  called 
the  repellingy  or  the  carrier^  ball,  was  of  soft  alder  wood,  well 
and  smoothly  fi:ilt.  It  was  attached  to  a  fine  shell  lac  stem, 
and  introduced  through  a  hole  into  the  electrometer  accord- 
ing to  Coulomb's  method :  the  stem  was  fixed  at  its  upper  end 
in  a  block  or  vice,  supported  on  three  short  feet :  and  on  the 
surface  of  the  glass  cover  above  was  a  plate  of  lead  with  stops 
on  it,  so  that  when  the  carrier  ball  was  adjusted  in  its  right 
position,  with  the  vice  above  bearing  at  the  same  time  against 
these  stops,  it  was  perfectly  easy  to  bring  away  the  carrier 
ball  and  restore  it  to  its  place  again  very  accurately,  without 
any  loss  of  time. 

1 182.  It  is  quite  necessary  to  attend  to  certain  precautions 
respecting  these  balls.  If  of  pith  alone  they  are  bad;  for 
when  very  dry,  that  substance  is  so  imperfect  a  conductor 
that  it  neither  receives  nor  fives  a  charge  freely,  and  so,  after 
contact  with  a  charged  conductor,  is  liable  to  be  in  an  uncer- 
tain condition.  Again,  it  is  difficult  to  turn  pith  so  smoothly 
as  to  leave  the  ball,  even  when  gilt,  sufficiently  free  from  irre- 
gularities of  form,  as  to  retain  its  charge  undiminished  for 
a  considerable  length  of  time.  When  therefore  the  balls 
are  finally  prepared  and  gilt  they  should  be  examined,  and 
being  electrified,  unless  they  can  hold  their  charge  with  very 
little  diminution  for  a  considerable  time,  and  yet  be  discharged 
instantly  and  perfectly  by  the  touch  of  an  uninsulated  con- 
ductor, they  should  be  dismissed. 

1 183.  it  is,  perhaps,  unnecessary  to  refer  to  the  graduation 
of  the  instrument,  further  than  to  explain  how  the  observations 
were  made.  On  a  circle  or  ring  of  paper  on  the  outside  of 
the  glass  cylinder,  fixed  so  as  to  cover  the  internal  lower 
ring  of  tin  foil,  were  marked  four  points  corresponding  to  an- 
^es  of  90*;  four  other  points  exactly  corresponding  to  these 
points  being  marked  on  the  upper  nng  of  tin  foil  within.  By 
these  and  the  adjusted  screws,  on  which  the  whole  instrument 
stands,  the  glass  torsion  thread  could  be  brought  accurately 
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into  the  centre  of  the  instrument  and  of  the  graduations  on 
it.  From  one  of  the  four  points  on  the  exterior  of  the  cylin- 
der a  graduation  of  90*^  was  set  o9,  and  a  corresponding  gra- 
duation was  placed  upon  the  upper  tin  foil  on  the  opposite 
side  of  the  cylinder  within;  and  a  dot  being  marked  on  that 
point  of  the  surface  of  the  repelled  ball  nearest  to  the  side  of 
the  electrometer,  it  was  easy,  by  observing  the  line  which  this 
dot  made  with  the  lines  of  the  two  graduations  just  referred 
to,  to  ascertain  accurately  the  position  of  the  ball.  The  upper 
end  of  the  glass  thread  was  attached,  as  in  Coulomb's  original 
electrometer^  to  an  index,  which  had  its  appn^riate  graduated 
circle,  upon  which  the  degree  of  torsion  was  ultimately  to  be 
read  off. 

1 184.  After  the  levelling  of  the  instrument  and  adjustment 
of  the  glass  thread,  the  blocks  which  determine  the  place  of 
the  carrier  ball  are  to  be  regulated  (1181)  so  that,  when  the 
carrier  arrangement  is  placed  against  them,  the  centre  of  the 
ball  may  be  in  the  radius  of  the  instrument  corresponding  to 
O*'  on  the  lower  graduation  or  that  on  the  side  of  the  electro- 
meter, and  at  the  same  level  and  distance  &om  the  centre  as 
the  repelled  ball  on  the  suspended  torsion  lever.  Then  the 
torsion  index  is  to  be  turned  until  the  ball  connected  with  it 
(the  repelled  ball)  is  accurately  at  30"",  and  finally  the  gra- 
duated arch  belonging  to  the  torsion  index  is  to  be  adjusted  so 
as  to  bring  0°  upon  it  to  the  index.  This  state  of  the  instru- 
ment was  adopted  as  that  which  gave  the  most  direct  expres- 
sion of  the  experimental  results,  and  in  the  form  having  few- 
est variable  errors;  the  angular  distance  of  30°  being  always 
retained  as  the  standard  distance  to  which  the  balls  were  in 
every  case  to  be  brought,  and  the  whole  of  the  torsion  being 
read  off  at  once  on  the  graduated  circle  above.  Under  these 
circumstances  the  distance  of  the  balls  from  each  other  was 
not  merely  the  same  in  degree,  but  their  position  in  the  in- 
strument, and  in  relation  to  every  part  of  it,  was  actually  the 
same  every  time  that  a  measurement  was  made  ;  so  that  all 
irregularities  arising  from  slight  difference  of  form  and  action 
in  the  instrument  and  the  bodies  around  were  avoided.  The 
onlv  difference  which  could  occur  in  the  position  of  anything 
within,  consisted  in  the  deflexion  of  the  torsion  thread  from  a 
vertical  position,  more  or  less,  according  to  the  force  of  re- 
pulsion of  the  bcJls ;  but  this  was  so  slight  as  to  cause  no  in- 
terfering difference  in  the  symmetry  of  form  within  the  in- 
strument^ and  gave  no  error  in  the  amount  oi  torsion  force 
indicated  on  the  graduation  above. 

1 185.  Although  the  constant  angular  distance  of  dOt"  be- 
tween the  centres  of  the  balls  was  adopted,  and  found  abun- 
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datitly  sensible,  for  all  ordinary  purposes,  yet  the  facility  of 
rendering  the  instrument  far  more  sensible,  by  diminishing 
this  distance  was  at  perfect  command ;  the  results  at  different 
distances  being  very  easily  compared  with  each  other  either 
by  experiment,  or,  as  they  are  inversely  as  the  squares  of  the 
distances,  by  calculation. 

1 186.  The  Coulomb  balance  electrometer  requires  expe- 
rience to  be  understood ;  but  I  think  it  a  very  valuable  instru- 
ment in  the  hands  c^  those  who  will  take  pains  by  practice  and 
attention  to  learn  the  precautions  needful  in  its  use.  Its  insu- 
lating condition  varies  with  circumstances,  and  should  be  ex- 
amined before  it  is  employed  in  experim^its.  In  an  ordinary 
and  &ir  condition,  when  the  balls  were  so  electrified  as  to  give 
a  repulsive  torsion  force  of  400*  at  the  standard  distance  of  30* 
it  took  nearly  four  hours  to  sink  to  50^  at  the  same  distance  ; 
the  average  loss  from  400°  to  300°  being  at  the  rate  of  2°-7 
per  minute,  from  300°  to  200°  of  1°-  7  per  minute,  from  200* 
io  100°  of  r-3  per  minute,  and  from  100°  to  50*  of  0°-87  per 
minute.  As  a  complete  measurement  by  the  instrument  may 
he  made  in  much  less  than  a  minute,  the  amount  of  loss  in 
that  time  is  but  small,  and  can  easily  be  taken  into  account. 

1 187.  The  indttctive  appartUus. — My  object  was  toexamine 
inductive  action  carefully  when  taking  place  through  different 
media,  for  which  purpose  it  was  necessary  to  subject  these 
media  to  it  in  exactly  similar  circumstances,  and  in  such  quan- 
tities as  should  suffice  to  eliminate  any  variations  they  might 
present.  The  requisites  of  the  apparatus  to  be  constructed 
were,  therefore,  that  the  inducting  surfaces  of  the  conductors 
should  have  a  constant  form  and  state,  and  be  at  a  constant 
distance  from  each  other ;  and  that  either  solids,  or  fluids,  or 
gases  might  be  jdaced  and  retained  between  these  surfaces 
with  readiness  and  certainty,  and  for  any  length  of  time. 

1L88.  The  a|q)aratus  used  may  be  described  in  genial 
terms  as  consisting  of  two  metallic  sph^es  of  unequal  diame- 
ter, placed,  the  smaller  within  the  larger,  and  concentric  with 
it;  the  interval  between  the  two  being  the  space  thrmigh 
which  the  induction  was  to  take  place.  A  section  of  it  is 
given  (fig.  1,  Plate  I.)  a,  a,  are  the  two  halves  of  a 
brass  spl^re,  with  an  air-tight  joint  at  6,  like  that  of  the 
Magdeburg  hemispheres,  made  perfectly  flush  ejid  smooth 
inside  so  as  to  present  np  irregularity;  c  is  a  oonnecttng 
piece  by  which  the  apparatus  is  joined  to  a  good  stop-cock 
dy  which  is  itself  attached  either  to  the  metaluc  foot  e,  or  to 
an  air  pumji.  The  aperture  within  the  hemisphere  at /is  very 
small;  g  is  a  brass  collar  fitted  to  the  vf/per  hemisphere, 
through  which  the  shell  lac  support  of  the  inner  ball  and  its 
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stem  passes;  h  is  the  inner ball^  also  of  brass;  it  screws  on  to 
a  brass  stem  iy  terminated  above  by  a  brass  ball  B ;  /^  /  is  a 
mass  of  shell  lac,  moulded  carefully  on  to  s,  and  serving  both 
to  support  and  insulate  it  and  its  balls  hy  B.  The  shell-lac 
stem  f\&  fitted  into  the  socket  £r,  by  a  little  ordinary  resinous 
cement^  more  fusible  than  shell  lac,  applied  at  m  m  in  such  a 
way  as  to  give  sufficient  strength  and  render  the  apparatus 
air-tight  there,  yet  leave  as  much  as  possible  of  the  lower 
part  of  the  shell-lac  stem  untouched,  as  an  insulation  between 
the  ball  h  and  the  surrounding  sphere  a,  a.  The  ball  h  has 
a  small  aperture  at  n,  so  that  when  the  apparatus  is  exhausted 
of  one  gas  and  filled  with  another^  the  ball  h  may  itself  also 
be  exhausted  and  filled,  that  no  variation  of  the  gas  in  the 
interval  o  may  occur  during  the  course  of  an  experiment. 

1 1 89.  The  inner  ball  has  a  diameter  of  2.33  inches,  and  the 
surrounding  sphere  an  internal  diameter  of  3.57  inches.  Hence 
the  width  of  the  intervening  space^  through  which  the  induction 
is  to  take  place,  is  0.62  of  an  mch ;  and  the  extent  of  this  place 
or  plate,  i.e.  the  surface  of  a  medium  sphere,  may  betaken  as 
twenty-seven  square  inches,  a  quantity  considered  as  suffi- 
ciently large  for  the  comparison  of  difierent  substances. 
Great  care  was  taken  in  finishing  well  the  inducing  surfaces 
of  the  ball  h  and  sphere  a,  a ;  and  no  varnish  or  lac<)uer  was 
applied  to  them^  or  to  any  part  of  the  metal  of  the  apparatus. 

1 190.  The  attachment  and  adjustment  of  the  shell-lac  stem 
was  a  matter  requiring  considerable  care,  especially  as^  in  con- 
sequence of  its  cracking,  it  had  frequently  to  be  renewed. 
The  best  lac  yras  chosen  and  applied  to  tne  wire  s,  so  as  to 
be  in  good  contact  with  it  everywhere,  and  in  perfect  conti- 
nuity throughout  its  own  mass.  It  was  not  thinner  than  is 
given  by  proportion  in  the  drawing,  for  when  less  it  frequently 
cracked  within  a  few  hours  after  its  cooling.  I  think  that 
very  slow  cooling  or  annealing  improved  its  quality  in  this 
respect.  The  collar  g  was  made  as  thin  as  could  be,  that  the 
lac  might  be  as  large  there  as  possible.  In  order  that  at  every 
re-attachment  of  the  stem  to  the  upper  hemisphere  the  ball  h 
might  have  the  same  relative  position,  a  gauge  p  (fig.  2)  was 
made  of  wood,  and  this  being  applied  to  the  ball  and  hemi- 
sphere whilst  the  cement  at  m  was  still  soft,  the  bearings  of 
the  ball  at  q  q,  and  the  hemisphere  at  r  r,  were  forced  home, 
and  the  whole  left  until  cold.  Thus  all  difficulty  in  the  ad- 
justment of  the  ball  in  the  sphere  was  avoided. 

1191.  I  had  occasion  at  first  to  attach  the  stem  to  the 
socket  bv  other  means,  as  a  band  of  paper  or  a  plugging  of 
white  silk  thread;  but  these  were  very  inferior  to  the  cement, 
interfering  much  with  the  insulating  power  of  the  apparatus. 
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1 192.  The  retentive  power  of  this  apparatus  was^  when  in 
^ood  condition,  better  than  that  of  the  electrometer  (1186)^ 
1.  e.  the  proportion  of  loss  of  power  was  less.  Thus  when  the 
apparatus  was  electrified^  and  also  the  balls  in  the  electro- 
meter,  to  such  a  degree,  that  after  the  inner  ball  had  been  in 
contact  with  the  top  of  k  of  the  ball  of  the  apparatus,  it 
caused  a  repulsion  indicated  by  600°  of  torsion  force,  then  in 
fiEdling  from  COO"  to  iOO''  the  average  loss  was  8^.6  per  minute ; 
from  400"  to  SCO"  the  average  loss  was  2".6  per  minute;  from 
3W  to  200"  it  was  1".?  per  minute;  frt)m  200"  to  170*  it  was 
1"  per  minute.  This  was  after  the  apparatus  had  been  charged 
for  a  short  time;  at  the  first  instant  of  charging  there  is  an 
apparent  loss  of  electricity,  which  can  only  be  comprehended 
hereafter  (1207.  1250.). 

1193.  When  the  apparatus  loses  its  insulating  power  sud- 
denly^ it  is  almost  always  fix>m  a  crack  near  to  or  within  the 
brass  socket.  These  cracks  are  usually  transverse  to  the 
stem.  If  they  occur  at  the  part  attached  by  common  cement 
to  the  socket,  the  air  cannot  enter,  and  being  then  as  a  vacua, 
they  conduct  away  the  electricity  and  lower  the  charge,  as 
fast  almost  as  if  a  ^iece  of  metal  had  been  introduced  there. 
Occasionally  stems  in  this  state,  being  taken  out  and  cleared 
from  the  common  cement,  may,  by  the  careful  application  of 
the  heat  of  a  spirit  lamp,  be  so  &r  softened  and  melted  as  to 
renew  perfect  continuity  of  the  parts;  but  if  that  does  not 
succMd  in  restoring  things  to  a  good  condition^  the  remedy 
is  a  new  shell-lac  stem. 

1 194.  The  apparatus  when  in  order  could  easily  be  ex- 
hausted of  air  and  filled  with  any  given  gas ;  but  when  that 
gas  was  acid  or  alkaline,  it  could  not  properly  be  removed  by 
the  air-pump,  and  yet  required  to  be  perfecdy  cleared  away. 
In  such  cases  the  apparatus  was  opened  and  cleared;  and 
with  respect  to  the  inner  ball  h,  it  was  washed  out  two  or 
three  times  with  distilled  water  introduced  at  the  screw  hole, 
and  then  being  heated  above  212",  air  was  blown  through  to 
render  the  interior  perfectly  dry. 

1195.  The  inductive  apparatus  described  is  evidently  a 
Leyden  phial,  with  the  advantage,  however,  of  having  the  di- 
electric or  insulating  medium  changed  at  pleasure.  The  balls 
h  and  B,  with  the  connecting  wire  t,  constitute  the  charged 
conductor,  upon  the  surfetce  of  which  all  the  electric  force  is 

-resident  by  virtue  of  induction  (1178).  Now  though  the 
largest  portion  of  this  induction  is  between  the  ball  h  and  the 
surrounding  sphere  a  a,  yet  the  wire  i  and  the  ball  B  deter- 
mine a  part  of  the  induction  from  their  surfaces  towards  the 
external  surrounding  conductors.     Still,  as  all  things  in  that 
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respect  remain  the  same,  whilst  the  medium  within  at  o  o  may 
be  varied,  any  changes  exhibited  by  the  whole  apparatus  will 
in  such  cases  depend  upon  the  variations  made  in  the  iuterior ; 
and  it  was  these  changes  I  was  in  search  of,  the  negation  or 
establishment  of  such  differences  being  the  great  object  of  my 
inquiry.  I  considered  that  these  differences,  if  they  existed, 
would  be  most  distinctly  set  forth  by  having  two  apparatus  of 
the  kind  described,  precisely  similar  in  every  respect ;  and 
then,  different  insulating  media  being  within,  to  charge  one 
and  measure  it,  and  after  dividing  the  charge  with  the  other, 
to  observe  what  the  ultimate  conditions  of  both  were.  If  in- 
sulating media  really  had  any  specific  differences  in  favouring 
or  opposing  inductive  action  through  them,  such  differences, 
I  conceived,  could  not  fail  of  being  developed  by  such  a  pro- 
cess. 

1 196.  I  will  wind  up  this  description  of  the  apparatus,  and 
explain  the  precautions  necessary  in  their  use,  by  describing 
the  form  and  order  of  the  experiments  made  to  prove  their 
equality  when  both  contained  common  air.  In  order  to  fa- 
cilitate reference  I  will  distinguish  the  two  by  the  terms  A  pp. 
i.  and  App.  ii. 

1 197.  The  electrometer  is  first  to  be  adjusted  and  examined 
(1184),  and  the  app.  L  and  ii.  are  to  be  perfectly  discharged. 
A  Leyden  phial  is  to  be  charged  to  such  a  degree  that  it  would 
give  a  spark  of  about  one  sixteenth  or  one  twentieth  of  an  inch 
in  length  between  two  balls  of  half  an  inch  diameter ;  and  the 
carrier  ball  of  the  electrometer  being  charged  by  this  phial,  is 
to  be  introduced  into  the  electrometer,  and  the  lever  ball 
brought  by  the  motion  of  the  torsion  index  against  it;  the 
charge  is  thus  divided  between  the  balls,  and  repulsion  ensues. 
It  is  useful  then  to  bring  the  repelled  bedl  to  the  standard  dis- 
tance of  30°  by  the  motion  of  the  torsion  index,  and  observe 
the  force  in  degrees  required  for  this  purpoj^e;  this  force  will 
in  future  experiments  be  called  repulsion  of  the  balls. 

1 198.  One  of  the  inductive  apparatus^  as  for  instance,  app. 
i.,  is  now  to  be  charged  from  the  Leyden  phial,  the  latter 
being  in  the  state  it  was  in  when  used  to  charge  the  balls; 
the  carrier  ball  is  to  be  brought  into  contact  with  the  top  of 
its  upper  ball  (k.  fig.  1),  then  introduced  into  the  electrome- 
ter, and  the  repulsive  force  (at  the  distance  of  30°)  measured. 
Again,  the  carrier  should  be  applied  to  the  app.  i.  and  the 
measurement  repeated;  the  apparatus  i.  and  ii.  are  then  to  be 
joined,  so  as  to  divide  the  charge,  and  afterwards  the  force  of 
each  measured  by  the  carrier  ball,  applied  as  before,  and  the 
results  carefully  noted.  Aiter  this  both  i.  and  ii.  are  to  be 
discharged;   then  app.  ii.  charged,  measured^  divided  with 
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q>p.  i.,  and  the  force  of  each  again  measured  and  noted.  If 
in  each  case  the  half  charges  of  app.  i.  and  ii.  are  equal,  and 
are  together  equal  to  the  whole  charge  before  division^  then  it 
may  l^  considered  as  proved  that  the  two  apparatus  are  pre- 
cisely equal  in  power,  and  fit  to  be  used  in  cases  of  comparison 
between  different  insulating  media  or  dielectrics. 

1199.  But  the  precautionsnecesshTj  to  obtain  accurate  re- 
sults are  numerous.  The  apparatus  i.  and  iL  must  always  be 
placed  on  a  thoroughly  uninsulating  medium.  A  mahogany 
table,  for  instance,  is  far  from  satisfactory  in  this  respect,  and 
therefore  a  sheet  of  tin  foil,  connected  with  an  extensive  dis- 
charging train  C^92.)»  is  what  I  have  used.  They  must  he  so 
{daced  cuso  as  not  to  be  too  near  each  other,  and  yet  equally 
exposed  to  the  inductive  influence  of  surrounding  objects;  and 
these  objects^  again,  should  not  be  disturbed  in  then-  position 
daring  an  experiment,  or  else  variations  of  induction  upon 
the  external  ball  B  of  the  i^paratus  may  occur,  and  so  errors 
be  introduced  into  the  results.  The  carrier  ball,  when  re- 
ceiving its  portion  of  electricity  from  the  apparatus,  should 
always  be  applied  at  the  same  part  of  the  ball,  as,  for  instance, 
the  summit  k,  and  always  in  the  same  way;  variable  induction 
from  the  vicinity  of  the  head,  hands,  &c.  being  avoided^  and 
the  IniII  after  contact  being  withdrawn  upwards  in  a  regular 
and  constant  manner. 

1200.  As  the  stem  had  occasionally  to  be  changed  (1190.), 
and  the  change  might  occasicm  slight  variations  in  the  positicm 
of  the  ball  within,  I  made  such  a  variation  purposely,  to  the 
amount  of  an  eighth  of  an  inch  (which  is  far  more  than  ever 
could  occur  in  practice),  but  did  not  find  that  it  sensibly  altered 
the  relation  of  the  apparatus,  or  its  inductive  condition  cls  a 
whole.  Another  tried  of  the  apparatus  was  made  as  to  the 
efiect  of  dampness  in  the  air,  one  being  filled  with  very  dry 
air,  and  the  other  with  air  from  over  water.  Though  this 
produced  no  change  in  the  result,  except  an  occasional  tend- 
ency to  more  rapid  dissipation,  yet  the  precaution  was  always 
taken  when  working  with  gases  (1290.)  to  dry  them  per- 
fectly. 

1201 .  It  is  essential  that  the  interior  of  the  apparatus  should 
be  perfectly  free  from  dust  or  small  loose  particles,  for  these 
very  rapidly  lower  the  charge  and  interfere  on  occasions  when 
theur  presence  and  action  would  hardly  be  expected.  I'o 
breathe  on  the  interior  of  the  apparatus  and  wipe  it  out  quietly 
with  a  clean  silk  handkerchief,  is  an  effectual  way  of  removing 
them;  but  then  the  intrusion  of  other  particles  should  be  care- 
fiilly  guarded  against,  and  a  dusty  atmosphere  should  for  this 
and  several  other  reasons  be  avoided. 
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1202.  The  shell  lac  stem  requires  occasionally  to  be  well 
wiped,  to  remove,  in  the  first  instance,  the  film  of  wax  and 
adhering  matter  which  is  upon  it ;  and  afterwards  to  displace 
dirt  and  dust  which  will  gradually  attach  to  it  in  the  course 
of  experiments.  I  have  found  much  to  depend  upon  this 
precaution,  and  a  silk  handkerchief  is  the  best  wiper. 

1203.  But  wiping  and  some  other  circumstances  tend  to 
give  a  charge  to  the  surface  of  the  shell  lac  stem.  This  should 
be  removed,  for,  if  allowed  to  remain,  it  very  seriously  affects 
the  degree  of  charge  given  to  the  carrier  ball  by  the  apparatus 
(1232).  This  condition  of  the  stem  is  best  ooserved  by  dis- 
charging the  apparatus,  applying  the  carrier  ball  to  the  stem, 
touching  it  with  the  finger,  insulating  and  removing  it,  and 
examining  whether  it  has  received  any  charge  (by  induction) 
from  the  stem;  if  it  has,  the  stem  itself  is  in  a  charged  state. 
The  best  method  of  removing  the  charge  I  have  found  to  be, 
to  cover  the  finger  with  a  single  fold  of  a  silk  handkerchief, 
and  breathing  on  the  stem,  to  wipe  it  immediately  after  with 
the  finger,  the  ball  B  and  its  connected  wire,  &c.  being  at  the 
same  time  uninsulated:  the  wiping  place  of  the  silk  must  not 
be  changed;  it  then  becomes  sufficiently  damp  not  to  excite 
the  stem,  and  is  yet  dry  enough  to  leave  it  in  a  clean  and  ex- 
cellent insulating  condition.  If  the  air  be  dusty,  it  will  be 
found  that  a  single  charge  of  the  apparatus  will  bring  on  an 
electric  state  of  the  outside  of  the  stem,  in  consequence  of  the 
carrying  power  of  the  particles  of  dust;  whereas  in  the  morn- 
ing, and  in  a  room  which  has  been  left  quiet,  several  experi- 
ments can  be  made  in  succession  without  the  stem  assuming 
the  least  degree  of  charge. 

1204.  Experiments  should  not  be  made  by  candle  or  lamp 
light  except  with  much  care,  for  flames  have  great  and  yet 
unsteady  powers  of  affecting  and  dissipating  electrical  charges. 

1205.  As  a  final  observation  on  the  state  of  the  apparatus, 
they  should  retain  their  charge  well  and  uniformly,  and  alike 
for  both,  and  at  the  same  time  allow  of  a  perfect  and  instant- 
aneous discharge,  giving  them  no  charge  to  the  carrier  ball, 
whatever  part  of  the  ball  B  it  may  be  applied  to  n2l8.). 

1206.  With  respect  to  the  balance  electrometer  all  the  pre- 
cautions that  need  be  mentioned,  are,  that  the  carrier  ball  is 
to  be  preserved  during  the  first  part  of  an  experiment  in  its 
electrified  state,  the  loss  of  electricity  which  would  follow  upon 
its  discharge  being  avoided ;  and,  that  in  introducing  it  into 
the  electrometer  through  the  hole  in  the  glass  plate  above, 
care  should  be  taken  that  it  do  not  touch,  or  even  come  near 
to,  the  edge  of  the  glass. 
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1207.  When  the  whole  charge  in  one  appaiatos  is  divided 
between  the  two^  the  gradual  faUy  apparently  from  dissipation^ 
in  the  apparatos  which  has  received  the  half  charge  is  greater 
than  in  the  one  originally  charged.  This  is  due  to  a  peculiar 
effect  tQ  he  described  hereafter  (1250.  1251.),  the  interfering 
influence  of  which  may  be  avoided  to  a  great  extent  by  going 
through  the  steps  of  the  process  regularly  and  quickly ;  there- 
fore, after  the  original  charge  has  been  measured,  in  app.  i. 
for  instance,  L  and  ii.  are  to  be  symmetrically  joined  by  their 
balls  B,  the  carrier  touching  one  of  these  balls  at  the  same 
time  ;  it  is  first  to  be  removed,  and  then  the  apparatus  sepa- 
rated from  each  other ;  app.  ii.  is  next  quickly  to  be  measured 
by  the  carrier,  then  app.  L;  lastly,  ii.  is  to  be  discharged,  and 
the  discharged  carrier  applied  to  it  to  ascertain  whether  any 
residual  effect  is  present  (1205.),  and  app.  i.  being  discharged 
is  also  to  be  examined  in  the  san^e  manner  and  for  the  same 
purpose. 

1208.  The  following  is  an  example  of  the  division  of  a 
charge  by  the  two  apparatus,  air  being  the  dielectric  in  both 
of  them.  The  observations  are  set  down  one  under  the  other 
in  the  order  in  which  they  were  taken,  the  left  hand  numbers 
representing  the  observations  made  on  app.  i.  and  the  right 
hwd  numbers  those  on  app.  ii.  App.  i.  is  that  which  was 
originally  charged,  and  after  two  measurements,  the  charge 
was  divided  with  app.  ii. 

App.  i.  ^PP*  "• 

Balls  160' 

0° 

254^ 

250 

divided  and  instantly  taken 

122 

124 

1      .*....  after  being  discharged. 
2  after  being  discharged. 

1209.  Without  endeavouring  to  allow  for  the'  loss  which 
must  have  been  gradually  going  on  during  the  time  of  the  ex- 
periment, let  us  observe  the  results  of  the  numbers  as  they 
stand.  As  1*  remained  in  app.  i.  in  an  undischargeable  state, 
249"^  may  be  taken  as  the  utmost  amount  of  the  transferable 
or  divisible  charge,  the  half  of  which  is  124'''5.  As  app.  ii. 
was  free  of  charge  in  the  first  instance,  and  immediately  after 
the  division  was  found  with  122"^,  this  amount  at  least  ma^be 
taken  as  what  it  had  received.  On  the  other  hand  124^  mmus 
1%  or  123°,  may  be  taken  as  the  half  of  the  transferable  charge 
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retained  by  app.  i.  Now  these  do  not  differ  much  from  each 
other^  or  from  124®  5,  the  half  of  the  full  amount  of  transfer- 
able charge ;  and  when  the  gradual  loss  of  charge  evident  in 
the  difference  between  254""  and  250*^  of  app.  i.  is  also  taken 
into  account,  there  is  every  reason  tp  admit  the  result  as  show^ 
ing  an  equal  division  of  charge,  unattended  by  any  disappear- 
ance ofpotoer  except  that  due  to  dissipation. 

1210.  I  will  give  another  result,  in  which  app.  ii.  was  first 
charged,  and  where  the  residual  action  of  that  apparatus  was 
greater  than  in  the  former  case. 

App.  i.  App.  ii. 

Balls  150° 

152" 

148 

divided  and  instantly  taken 

70° 

^78 

5  immediately  after  discharge. 

0 immediately  after  discharge. 

1211.  The  transferable  charge  being  148'— 5%  its  half  is 
71°'5,  which  is  not  far  removed  from  70°,  the  half  charge  of 
i;  or  from  73°,  the  half  charge  of  ii.:  these  half  charges  again 
making  up  the  sum  of  143°,  or  just  the  amount  of  the  whole, 
transferable  charge.  Considei  ing  the  errors  of  experiment, 
therefore,  these  results  may  again  be  received  as  showing  that 
the  apparatus  were  equal  in  inductive  capacity,  or  in  their 
powers  of  receiving  charges. 

1212.  The  experiments  were  repeated  wilh  charges  of  ne- 
gative electricity,  with  the  same  general  results. 

1213.  That  I  might  be  sure  of  the  sensibility  and  action  of 
the  apparatus,  I  made  such  a  change  in  one  as  ought  upon 
principle  to  increase  its  inductive  force,  i.  e.  I  put  a  metallic 
lining  into  the  lower  hemisphere  of  app.  i.,  so  as  to  diminish 
the  thickness  of  the  intervening  air  in  that  parf,  from  0-6:4  to 
0435  of  an  inch  :  this  lining  was  carefully  shaped  and  rounded 
so  that  it  should  not  present  a  sudden  projection  within  at  its 
edge,  but  a  gradual  transition  from  the  reduced  interval  in  the 
lower  part  of  the  sphere  to  the  larger  one  in  the  upper. 

1214.  This  change  immediately  caused  app.  i.  to  produce 
effects  indicating  that  it  had  a  greater  aptness  or  capacity  for 
induction  than  app.  ii.  Thus,  when  a  transferable  charge  in 
ai^.  ii.  of  469°  was  divided  with  app.  i.,  the  former  retained 
a  charge  of  225%  whilst  the  latter  snowed  one  of  227°,  i.  e. 
the  former  had  lost  244°  in  communicating  227°  to  the  latter : 
ocL  the  other  hand,  when  app.  i.  had  a  tranafenible  charge  in 
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it  of  381°  divided  by  contact  with  app.  ii.,  it  lost  181°  only, 
whilst  it  gave  to  app.  ii.  as  many  as  194°: — ^the  sum  of  the  di- 
vided flnrcea  being  in  the  first  instance  lesSy  and  in  the  second 
instance  greater  than  the  original  undivided  charge.  These 
results  are  the  more  striking,  as  cmly  one  half  of  the  interior 
of  app.  i.  was  modified,  and  they  show  that  the  instruments 
are  capable  of  bringing  out  difierences  in  inductive  force  from 
amongst  the  errors  of  experiment,  when  these  difierences  are 
much  less  than  that  produced  by  the  alteration  made  in  the 
inresent  instance. 

IT  iv.     Induction  in  curved  lines. 

1215.  Amongst  those  results  deduced  from  the  molecular 
view  of  induction  (1166.),  which,  being  of  a  peculiar  nature, 
are  the  best  tests  of  the  truth  or  error  of  tne  theory,  the 
expected  action  in  curved  lines  is,  I  think,  the  most  important 
at  present ;  for,  if  shown  to  take  place  in  an  unexceptionable 
manner,  I  do  not  see  how  the  old  theory  of  action  at  a  dis- 
tance and  in  straight  lines  can  stand,  or  how  the  conclusion 
that  ordinary  induction  is  an  action  of  contiguous  particles 
can  be  resisted. 

1216.  There  are  many  forms  of  old  experiments  which 
might  be  quoted  as  favourable  to,  and  consistent  with  the 
view  I  have  adopted.  Such  are  most  cases  of  electro-che- 
mical decomposition,  electrical  brushes,  auras,  sparks,  &c. ; 
but  as  these  might  be  considered  equivocal  evidence,  inasmuch 
as  they  include  a  current  and  discharge  (though  they  have 
long  been  to  me  indications  of  prior  molecular  action  (1230.)), 
I  endeavoured  to  devise  such  experiments  for  first  proofs  as 
should  not  include  transfer,  but  relate  altogether  to  the  pure 
simple  inductive  action  of  staticid  electricity. 

1217.  It  was  also  of  importance  to  make  these  experiments 
in  the  simplest  possible  manner,  using  not  more  than  one  in- 
sulating medium  or  dielectric  at  a  time,  lest  difierences  of 
slow  conduction  should  produce  eflects  which  might  errone- 
ously be  supposed  to  result  from  induction  in  curved  lines. 
It  will  be  unnecessary  to  describe  the  steps  of  the  investigation 
minutely ;  I  will  at  once  proceed  to  Uie  simplest  mcde  of 
proving  the  fiEtcts,  first  in  air  and  then  in  other  insulating 
media. 

1218.  A  cylinder  of  solid  shell -lac,  0*9  of  an  inch  in  dia- 
meter and  seven  inches  in  length,  was  fixed  upright  in  a 
wooden  foot  (fig.  3.) :  it  was  made  concave  or  cupped  at  its 
upper  extremity  so  that  a  brass  ball  or  other  small  arrange- 
ment could  stand  upon  it  The  upper  half  of  the  stem  having 
been  excited  negatively  by  friction  with  warm  flannel,  a  brass 
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ball^  By  1  inch  in  diameter,  was  placed  on  the  top,  and  then 
the  whole  arrangement  examined  by  the  carrier  ball  and 
Coulomb's  electrometer  (1180.  &c.).  For  this  purpose  the 
balls  of  the  electrometer  were  charged  positively  to  about  360°, 
and  then  the  carrier  being  applied  to  various  parts  of  the  ball 
B,  the  two  were  uninsulated  whilst  in  contact  or  in  position, 
then  insulated,*  separated,  and  the  charge  of  the  carrier  ex- 
amined as  to  its  nature  and  force.  Its  electricity  was  always 
positive,  and  its  force  at  the  different  positions  a,  6,  c,  (/,  &c. 
(Ag.  3.  and  4.)  observed  in  succession,  was  as  follows : 

at  a above  1000° 

&  it  was 149 

c 270 

d 512 

b  . 130 

1219.  To  comprehend  the  full  force  of  these  results,  it  must 
first  be  understood,  that  all  the  charges  of  the  ball  B  and  the 
carrier  are  charges  by  induction,  from  the  action  of  the  excited 
surface  of  the  shell  lac  cylinder ;  for  whatever  electricity  the 
ball  B  received  by  communication  from  the  sheU  lac,  either 
in  the  first  instance  or  afterwards,  was  removed  by  the  un- 
insulating  contacts,  only  that  due  to  induction  remaining ; 
and  this  is  shown  by  the  charges  taken  from  the  ball  in  this 
its  uninsulated  state  being  always  positive,  or  of  the  contrary 
character  to  the  electricity  of  the  shell-lac.  In  the  next 
place  the  charges  at  a,  c,  and  d  were  of  such  a  nature  as 
might  be  expected  from  an  inductive  action  in  straight  lines, 
but  that  obtained  at  b  is  not  so:  it  is  clearly  a  charge  by  in- 
duction, but  ifiductiofi  in  a  curved  line  ;  for  the  carrier  ball 
whilst  applied  to  6,  and  after  its  removal  to  a  distance  of  six 
inches  or  more  from  B,  could  not,  in  consequence  of  the  size 
of  B,  be  connected  by  a  straight  line  with  any  part  of  the 
excited  and  inducing  shell-lac. 

1220.  To  suppose  that  the  upper  part  of  the  uninsulated  ball 
B,  should  in  some  way  be  retained  in  an  electrified  state  by  that 

Eortion  of  the  surface  which  is  in  sight  of  the  shell-lac,  would 
e  in  opposition  to  what  we  know  already  of  the  subject 
Electricity  is  retained  upon  the  surface  of  conductors  only  by 
induction  (1 178.) ;  and  though  some  persons  may  not  be  pre- 

*  It  can  hardly  be  necessary  for  me  to  say  here,  that  whatever 
general  state  the  carrier  ball  ac<}uired  in  any  place  where  it  was 
uninsulated  and  then  insulated,  it  retained  on  removal  from  that 
place,  notwithstanding  that  it  might  pass  through  other  places,  that 
would  have  given  to  it,  if  uninsulated,  a  different  condition. 
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pared  as  yet  to  admit  this  with  respect  to  insulated  conductors 
aQ  will  as  regards  uninsulated  conductors  like  the  ball  B^ 
and  to  decide  the  matter  we  have  only  to  place  the  carrier  ball 
at  e  (fig.  4.),  so  that  it  shall  not  come  in  contact  with  B, 
uninsolate  it  by  a  metallic  rod  descending  perpendicularly, 
insulate  it,  remove  it,  and  examine  its  state  :  it  will  be  found 
charged  with  the  same  kind  of  dectricity  as,  and  even  to  a 
higher  degree  (1224.)  than,  if  it  had  been  in  contact  with  the 
summit  of  B. 

11221.  To  suppose,  again,  that  induction  acts  in  some  way 
through  or  across  the  metd  of  the  ball,  is  negatived  by  the 
sim{deat  considerations ;  but  a  fact  in  proof  will  be  better. 
If  instead  of  the  ball  B  a  small  disc  of  metal  be  used,  the 
carrier  may  be  charged  at,  or  above  the  middle  of  its  upper 
surfi&ce;  but  if  the  plate  be  enlarged  to  about  1|  or  2  inches 
in  diameter,  C  (fig.  5.),  then  no  charge  will  be  given  to  the 
carrier  aty,  though  when  applied  nearer  to  the  ed^  at  g,  or 
even  above  the  middle  at  A,  a  charge  will  be  obtamed ;  and 
this  is  true  though  the  plate  may  be  a  mere  thin  film  of  ffold- 
leaf.  Hence  it  is  clear  that  the  induction  is  not.  through  the 
metal,  but  through  the  air  or  dielectric,  and  that  in  curved 
lines. 

1222.  I  had  another  arrangement,  in  which  a  wire  passing 
downwards  through  the  midcue  of  the  shell-lac  cylinder  to  the 
earth,  was  connected  with  the  ball  B  (fig.  6.)  so  as  to  keep  it 
in  a  constantly  uninsulated  state.  This  was  a  very  convenient 
form  of  apparatus,  and  the  results  with  it  were  the  same  as 
those  descnbed  . 

1223.  In  another  case  the  ball  B  was  supported  by  a  shell- 
lac  stem,  independently  of  the  excited  cylinder  of  shell-lac, 
and  at  half  an  inch  distance  from  it ;  but  the  efiects  were  the 
same.  Then  the  brass  ball  of  a  charged  Leyden  jar  was  used 
in  place  of  the  excited  shell-lac  to  produce  inauction;  but 
this  caused  no  alteration  of  the  pheenomena.  Both  positive 
and  negative  inducing  charges  were  tried  with  the  same 
general  results.  Finally,  the  arrangement  was  inverted  in 
the  air  for  the  purpose  of  removing  every  possible  objection 
to  the  conclusions,  Dut  they  came  out  exactly  the  same. 

1224.  Some  results  obtained  with  a  brass  hemisphere  in- 
stead of  the  ball  B  were  exceedingly  interesting.  It  was  1*36 
of  an  inch  in  diameter,  (fig.  7.),  and  being  placed  on  the  top 
of  the  excited  shell-lac  cylmder,  the  carrier  ball  was  applied, 
as  in  the  former  experiments  (1218.),  at  the  respective  posi- 
tions delineated  in  the  figure.  At  i  the  force  was  112^,  at  k 
108*^,  at  /  65*",  at  m  35** ;  the  inductive  force  gradually 
diminishing,  as  might  have  been  expected,  to  this  point 
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But  on  raising  the  carrier  to  the  position  n  the  charge  in- 
creased to  87° ;  and  on  raising  it  still  higher  to  o,  the  charge 
still  further  increased  to  105"* :  at  a  higher  point  stilly  p,  the 
charge  taken  was  smaller  in  amount,  being  98°,  and  continued 
to  diminish  for  more  elevated  positions.  Here  the  induction 
£Eurly  turned  a  comer.  Nothing,  in  fact,  can  better  show 
both  the  curved  lines  or  courses  of  the  inductive  action^  dis- 
turbed as  they  ai^e  from  their  rectilineal  form  by  the  shape, 
position,  and  condition  of  the  metallic  hemisphere ;  and  also 
a  lateral  tension,  so  to  speak,  of  these  lines  on  one  another : 
all  depending,  as  I  conceive,  on  induction  being  an  action  of 
the  contiguous  particles  of  the  dielectric  thrown  into  a  state  of 
polarity  and  tension^  and  mutually  related  by  their  forces  in 
all  directions. 

1225.  As  another  proof  that  the  whole  of  these  actioils 
were  inductive,  I  may  state  a  result  which  was  exactly  what 
might  be  expected,  namely,  that  if  uninsulating  conducting 
matter  was  brought  round  and  near  to  the  excited  shell-lac 
stem,  then  the  inductive  force  was  directed  towards  it,  and 
could  not  be  found  on  the  top  of  the  hemisphere.  Removing 
this  matter  the  lines  of  force  resumed  their  former  direction. 
The  experiment  affords  proofe  of  the  lateral  tension  of  these 
lines,  and  supplies  a  warning  to  remove  such  matter  in  re- 
peating the  above  investigation. 

1226.  After  these  results  on  curved  inductive  action  in  air 
I  extended  the  experiments  to  other  gases,  using  first  carbonic 
acid  and  then  hydrogen:  the  phaBuomena  were  precisely 
those  already  described.  In  these  experiments  I  found  that 
if  the  gases  were  confined  in  vessels  they  required  to  be  very 
large,  for  whether  of  glass  or  earthenware,  the  conducting 
power  of  such  materials  is  so  great  that  the  induction  of  the 
excited  shell-lac  cylinder  towards  them  is  as  much  is  if  they 
were  metal ;  and  if  the  vessels  be  small,  so  great  a  portion  of 
4he  inductive  force  is  determined  towards  them  that  the  lateral 
lension  or  mutual  repulsion  of  the  lines  of  force  before  spoken 
of  (1224.),  by  which  their  inflection  is  caused,  is  so  much  re- 
lieved in  other  directions,  that  no  inductive  charge  will  be 
given  to  the  carrier  ball  in  the  positions  k,  /,  m,  n,  o,  p,  (fig.  7.). 
A  very  good  mode  of  making  the  experiment  is  to  let  large 
currents  of  the  gases  ascend  or  descend  through  the  air,  and 
carry  on  the  experiments  in  these  currents. 

1^7.  These  experiments  were  then  varied  by  the  substitu- 
iUm  of  a  liquid  dielectric,  namely,  oil  of  turpentine ,  in  place 
of  air  and  gases.  A  dish  of  thin  fi;lass  well  covered  with  a 
film  of  sheU-lac  (1272,),  and  found  by  trial  to  insulate  well, 
had  some  highly  rectified  oil  of  turpentine  put  into  it  to  the 
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depth  of  half  an  inch,  and  being  then  placed  upon  the  top  of 
the  brass  hemisphere,  (fig.  7.)  observations  were  made  with 
the  carrier  ball  aa  before  (12^4.).  The  results  were  the  same, 
and  the  circumstance  of  some  of  the  positions  being  within 
the  flpid  and  some  without,  made  no  sensible  difierenoe. 

1228.  LasU J,  I  used  a  few  solid  dielectrics  ibr  the  tame 
purpose,  and  with  the  same  results,  lliese  wex^  shell*>lac, 
sulphur,  fused  and  cast  borate  of  lead,  flint  glass  well  covered 
with  a  film  of  lac,  and  spermaceti.  The  following  was  the 
fsxm  id  experiment  with  sulphur,  and  all  were  of  the  same 
kind.  A  square  plate  of  the  substance,  two  inches  in  extent 
and  0*6  ctf  an  inch  in  thickness,  was  cast  with  a  small  bole  or 
depression  in  the  middle  of  one  sur&ce  to  receive  the  carrier 
balL  This  was  placed  upon  the  sur£»ce  of  the  metal  hemi* 
q>hNre  (fig.  9.)  arranged  on  the  excited  lac  as  in  former  cases, 
and  observations  wtte  made  at  n,  o,  p,  and  q.  Great  care 
was  required  in  these  experiments  to  free  the  sulphur  or  other 
solid  substance  from  any  charge  it  might  previously  have 
received.  This  was  done  by  breathing  and  wiping  (IkOS.), 
and  the  substance  being  fouini  free  from  all  electrical  excite* 
ment,  was  then  used  in  the  experiment ;  after  which  it  was 
removed  and  again  examined,  to  ascertain  that  it  had  received 
no  cdiarge,  but  had  acted  really  as  a  dielectric.  With  all 
these  precautions  the  results  were  the  same ;  and  it  is  thus 
very  satisfEtctory  to  obtain  the  curved  inductive  action  through 
solid  bodies f  as  any  possible  efiect  from  the  translation  of 
charged  particles  in  fluids  or  gases,  which  some  persons  might 
imagine  to  be  the  case,  is  here  entirely  negativcKL 

1229.  In  these  experiments  with  solid  dielectrics,  the  degree 
of  charge,  assumed  by  the  carrier  ball  at  the  situations  ra,  o,  p 
(fig.  9.),  was  decidedly  greater  than  that  given  to  the  ball  at 
the  same  places  when  air  only  intervened  between  it  and  the 
metal  hemisphere.  This  effect  is  consistent  with  what  will 
hereafter  be  found  to  be  the  respective  relations  of  these 
bodies,  as  to  their  power  of  facilitating  induction  through  them 
(1269.  1273. 1277.). 

12i>0.  I  might  quote  many  other  forms  of  eiqieriment,  scmie 
old  and  some  new,  in  which  induction  in  curved  or  contorted 
lines  takes  place,  but  think  it  unnecessary  after  die  preosding 
results ;  1  shall  therefore  mention  but  two.  If  a  c^uctor 
A,  (fig.  8.)  be  electrified^  and  an  uninsulated  metallic  ball  B, 
or  even  a  plate,  provided  the  edges  be  not  too  thin,  be  held 
before  it,  a  small  eleetrcHneter  at  c  or  at  d^  uninsulated,  will 
give  signs  of  eledaricity,  opposite  in  its  nature  to  that  of  A, 
and  therefore  caused  by  induction,  although  the  influencing 
and  influenced  bodies  cannot  be  joined  by  a  right  line  passing 
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through  the  air.  Or  if,  the  electrometers  being  removed,  a 
point  be  fixed  at  the  back  of  the  ball  in  its  uninsulated  state 
as  at  C,  this  point  will  become  luminous  and  discharge  the 
conductor  A.  The  latter  experiment  is  described  by  NichoU 
9oa*  who,  however,  reasons  erroneouslv  upon  it.  As  to  its 
introduction  here,  though  it  is  a  case  of  discharge,  the  dis- 
charge is  m^ceded  by  induction,  and  that  induction  must  be 
in  curved  lines. 

1231.  As  argument  against  the  received  theory  of  induc« 
tion  and  in  favour  of  that  which  I  have  ventured  to  put  forth, 
I  cannot  see  how  the  preceding  results  can  be  avoided.  The 
effects  are  clearly  inductive  effiscts  produced  by  electricity, 
not  in  currents  but  in  its  statical  state,  and  this  induction  is 
exerted  in  lines  of  force  which,  though  in  many  experiments 
they  may  be  straight,  are  here  curved  more  or  less  according 
to  circumstances.  I  use  the  term  line  of  inductive  force  merely 
as  a  temporary  conventional  mode  of  expressing  the  direction 
of  the  power  in  cases  of  induction ;  and  in  the  experiments  with 
the  hemisphere  (1224.),  it  is  curious  to  see  how,  when  certain 
lines  have  terminated  on  the  under  surface  and  edge  of  the 
metal,  those  which  were  before  lateral  to  them  expand  and  open 
out  from  each  other,  some  bending  round  and  terminating  their 
action  on  the  upper  surface  of  the  hemisphere,  and  others 
'meeting,  as  it  were,  above  in  their  progress  outwards,  uniting 
their  forces  to  give  an  increased  charge  in  the  carrier  ball,  at 
an  increased  distance  from  the  source  of  power,  and  influencing 
each  other  so  as  to  cause  a  second  flexure  in  the  contrary  di- 
rection from  the  first  one.  All  this  appears  to  me  to  prove 
that  the  whole  action  is  one  of  contiguous  particles,  related  to 
each  other,  not  merely  in  the  lines  which  they  may  be  con- 
ceived to  form  through  the  dielectric,  between  the  inductric 
and  the  inducteous  surfaces,  but  in  other  lateral  directions 
also.  It  is  this  which  gives  the  effect  equivalent  to  lateral  re- 
pulsion or  expansion  in  the  lines  of  force  1  have  spoken  of,  and 
enables  induction  to  turn  a  comer  (1304.).  The  power,  in- 
stead of  being  like  that  of  gravity,  which  relates  particles 
together  through  straight  lines,  whatever  other  particles  may 
be  between  them,  is  more  analogous  to  that  of  a  series  of 
magnetic  needles,  or  to  the  condition  of  the  particles  consi- 
dered as  forming  the  whole  of  a  straight  or  a  curved  mag- 
net. So  that  in  whatever  way  I  view  it,  and  with  great 
suspicion  of  the  influence  of  favourite  notions  over  mysdf,  I 
cannot  perceive  how  the  ordinary  theory  of  induction  can  be 
a  correct  representation  of  that  great  natural  principle  of 
electrical  action. 

*  flncyelopsdia  Briiannica,  vol.  vL  p.  504: 
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1232.  I  have  had  occasion  iu  describing  the  precantioDS 
necessary  in  the  use  of  the  inductive  apparatus,  to  refer  to 
cne  fooaded  on  induction  in  curved  lines  (1203.) ;  and  after 
the  experiments  already  described,  it  will  easily  be  seen  how 
great  an  influence  the  shell- lac  stem  may  exert  upon  the 
charge  of  the  carrier  ball  when  applied  to  the  apparatus 
(I2&8.),  unless  that  precaution  be  attended  to. 

1233.  I  think  it  expedient,  next  in  the  course  of  these  ex- 
pmmeotal  researches,  to  describe  some  eflbcts  due  to  con- 
duction, obtained  with  such  bodies  as  glass,  lac,  sulphur,  &c., 
which  had  not  heesa  anticipated.  Being  understood,  they  will 
make  os  acquainted  with  certain  precautions  necessary  in  in- 
vestigating the  great  question  of  specific  inductive  capacity. 

fTo  be  continued.  J 


II.  Onthe  decomporitionofwaterby  the  agency  of  growing 
plants,  more  particularly  the  J/ouatic  Confervce^  the 
Lemna,  a  genus  of  the  Jaoncecia  Diandria  class,  8fc,  Sfc. 
By  W.  H.  Webkes,  Esq.,  Siu-geon,  Lecturer  on  Philoso- 
phical and  Operative  Chemistry,  &c.  &c.  &c. 

Since  that  period  when  the  justly  revered  names  of  Priestly 
and  Ittgenhouse  shed  a  halo  of  refulgence  around  experi- 
mental philosophy,  and  the  former  made  known  the  residt  of 
his  celebrated  enquiries  on  the  respiration  of  plants,  not  only 
botanists  and  vegetable  physiologists,  but  chemical  philoso- 
phers also,  appear  to  have  concurred  in  the  ^neral  opinion, 
that  plants  absorb  carbcmic  acid  from  the  air  under  certain 
circumstances,  and  emit  oxygen  in  return;  and  Dr.  Ingen- 
house  concludes  that  this  change  occurs  only  during  exposure 
to  the  direct  rays  of  the  sun.  It  is  further  presumed  tnat  in 
the  dark  an  opposite  efiectuktains,  and  that  carbcmic  acid  gas 
is  neither  absorbed  nor  oxygen  gas  evolved;  but  on  the  con- 
^f^»  oxy^n  disappears,  and  carbonic  acid  is  disengaged. 

I  am  neither  prq^ared  nor  disposed  to  deny,  that,  **  undar 
certain  circumstances,"  these  conclusions  do  appear  to  be 
borne  oat  and  established,  generally,  by  attentive  observation 
and  experiment;  but  there  are  likewise  facts  and  circum- 
stances, which  I  shall  submit,  warranting  the  conclusion  that 
these  results  do  not  invariably  obtain  from  the  functional  exer- 
cise of  every  description  of  plants,  and  which,  I  think,  also 
render  it  worth  while  to  enquire  whether,  as  is  genen^ly  as- 
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sumed^  it  be  a  fSact  that  the  oxygen  evolved  by  the  respiratory 
action  in  plants,  is  uniformly  derived  from  the  decomposition 
of  the  carbonic  acid  gas,  as  absorbed  from  the  atmosphere, 
soil,  &c.,  or  from  that  of  the  more  abundant  source,  water, 
in  which  oxygen  is  knovm  to  form  a  large  proportional  con- 
stituent. 

A  series  of  cautious  and  minutely  observed  experiments  oc- 
cupying my  attention  at  frequent  intervals  during  some  eight 
or  ten  years  past,  have,  I  presume,  authorized  me  to  indulge 
in  the  above  conclusions,  and  to  assert  that  pure  oxygen  alone 
is  constantly  evolved,  by  certain  plants  at  least,  whether  they 
be  exposed  to  the  influence  of  solar  light  alone,  or  subjected 
to  the  altemscte  changes  of  day  and  night. 

The  discovery  of  this  interesting  and  additional  feature  in 
the  operative  chemistry  of  nature,  owes  its  remote  origin  to 
circumstances  which  T  feel  claim  frt)m  me,  at  least,  the  tribute 
of  a  brief  recital.  It  is  now  about  twelve  years  since  I  had 
the  peculiar  satisfaction  of  acquiring  the  scientific  acquaint- 
ance and  ultimate  friendship  of  Thomas  Pine,  Esq.,  of  Maid- 
stone, in  Kent,  the  author  of  a  theory  appropriately  denomi- 
nated by  him  Electro--  Vegetation  y  the  legitimate  o&pring  of 
long  patient  observation  and  inductive  experiment;  and  which 
theory  I  can  have  no  hesitation  in  believing  must  eventually 
take  its  place  among  the  established  truths  of  philosophy. 
Immediately  upon  our  acquaintance  Mr.  Pine  suggestea  to 
my  management  a  series  oi  experimental  researches  such  as  I 
might  conceive  best  calculatea  to  subject  his  opinions  to  the 
severest  tests  of  chemical  and  general  examination.  In 
further  relation  to  the  theory  above  mentioned,  it  is  only 
necessary  for  me  in  this  place  to  observe,  that  the  conclusions 
of  its  author  were  amply  supported  by  the  long  series  of  ex- 
periments in  question. 

During  the  progress  of  these  enquiries  incidental  to  the 
Spring  and  Summer  seasons  of  the  years  1833-4  and  5,  it 
became  expedient  for  me  to  adopt  means  whereby  I  might 
bring  the  extreme  branches  of  various  growing  plants  and 
shrubs  into  operation  under  a  pneumatic  apparatus;  some* 
times  employing  in  my  manipulations  merely  a  valve  of  mer- 
cury with  a  common  atmosphere  in  the  receiver  above  the 
fluid  nietal,  and  at  others  causing  the  branches  to  grow  for 
many  days  and  even  weeks  withm  an  entire  atmosphere  of 
water,  limited  only  by  the  capacity  of  the  receiver,  with  a 
view  to  collect  and  examine  the  gaseous  results  obtained 
during  the  progress  of  a  vigorous  state  of  vegetation.  While 
conducting  these  researches  by  means  of  the  usual  water 
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tnmgh  and  graduated  bell  glass,  I  often  became  fcnrcibly  im- 
pressed, alter  attentive  observation,  with  the  idea  that  the 
leaves  and  branches  of  plants,  growing  within  my  hydro-pneu- 
matic apparatus,  were  materially  indebted  for  the  targe 
quantity  of  their  gaseous  products  to  decomposition  of  a  por- 
tion of  the  surrounding  atmosphere  of  water,  as  well  as  to 
exhalations  from  the  surface  of  their  leaves,  &c.,  originating 
in  the  decomposition  of  carbonic  acid,  though,  neither  then 
mx  aubaequently  have  I  foimd  cause  to  regard  the  generally 
received  opinion  on  this  subject  as  being  devoid  of  foundation 
under  ordinary  circumstances  and  in  a  dry  atmosphere. 

Pursuing,  at  the  period  above  mentioned,  the  train  of  thought 
thus  suggested,  1  was  led  to  consider  the  well  known  experi- 
ment of  placing  a  fresh  detached  sprig  of  mint  or  other  suc- 
culent plant  within  an  inverted  glass  jar  of  water,  for  the 
purpose  of  exhibiting  the  evolution  of  bubbles  of  oxygen  from 
the  surface  of  its  leaves  exposed  to  the  action  of  solar  light ; 
nor  could  I  long  hesitate  in  adopting,  as  an  opinion  at  least, 
that  the  oxygen  obtained  in  this  experiment  owed  its  origin, 
in  no  inconsiderable  degree,  also  to  decomposition  of  a  portion 
of  the  water  employed,  and  not  entirely,  as  generally  believed, 
to  the  carbonic  acid  held  in  solution  by  the  fluid. 

A  multiplicity  of  engagements  continued  to  delay  my  inten- 
tion of  enaeavouring  to  illustrate  this  important  question  by  a 
further  ai^>eal  to  experiment,  until  the  immediate  ardour  arising 
out  of  the  Subject  had  somewhat  abated ;  when,  early  in  the 
Autumn  of  1837,  my  attention  thereto  was  strongly  revived 
by  the  accidental  circumstance  of  a  decanter  of  river  water, 
in  which  some  small  portion  of  a  very  minute  species  of  con- 
ferv4B  had  luxuriantly  vegetated,  having  been  1^  unmolested 
and  exposed  at  times,  during  several  weeks,  to  a  strong  sun- 
light in  the  window  of  my  bed-room.  I  now  observed  that 
on  the  sides  and  neck  of  the  glass  innumerable  bubbles 
of  gas  were  collected  and  continuously  arose  from  the  8ur£Eu^ 
of  the  confervas  or  green  vegetable  matter  before  mentioned ; 
and  this  gaseous  product  I  had  every  reason,  short  of  actual 
testing,  to  consider  as  oxygen  derived  from  partial  decompo- 
sition of  the  water  in  my  decanter. 

The  season  had  too  &r  advanced  to  pennit  of  resuming  my 
fiormer  researches,  especially  with  the  aelicate  conferv®,  now 
the  more  immediate  object  of  my  attention;  I  therefore 
waited,  with  no  small  degree  of  impatience,  the  arrival  of  the 
n>ring  and  summer  of  1838,  with  the  design  of  subjecting  my 
theoretical  conclusions  to  the  test  of  actual  experiment.  It  was 
not,  however,  until  the  commencement  of  the  month  of  August, 
that  the  Punctalis,  a  minute  species  of  confervs  abound- 
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ing  in  stagnant  waters,  as  ponds,  ditches,  water-tanks,  &c»,  ap- 
peared suiBciently  laxuriant  £m:  my  purpose ;  when  the  simple 
but  completely  efficient  form  of  apparatus,  represented  in  the 
annexed  sketch,  was  immediately  put  in  requisition  for  the 
occasion.  The  bolt-head  a,  holding  one  gallon,  having  been 
taken  to  a  water-tank  in  which  a  sufficient  quantity  of  the 
confervs  in  question  was  discovered  to  have  vegetated,  the 
globular  part  of  the  glass  vessel  was  forcibly  immersed  beneath 
the  surface  of  the  fluid,  until  the  orifice  of  the  neck  could  be 


brought  into  an  appropriate  position  to  admit  of  the  globe 
filling  freely,  while  the  current  of  water,  during  its  downward 
impetus,  carried  with  it  an  ample  quantity  of  the  plant  sought 
to  be  operated  upon.  The  position  of  the  bolt-head  having 
been  now  reversed  with  the  opening  of  the  neck  downwards, 
the  stoneware  jar  6,  charged  also  with  the  water  of  the  tank, 
was  plunged  perpendicularly  underneath,  and  when  the  neck 
of  the  gkss  had  been  immersed  within  the  water  of  the  jar, 
until  the  inferior  cirtmmference  of  the  globular  part  rested 
upon  the  substantial  rim  of  the  lower  vessel,  the  two  were 
carefolly  removed  and  placed  immediately  in  an  eligible 
situation  in  my  garden,  subject  to  frequent  observation.  I 
do  not  think  I  can  convey  to  those  whom  it  may  possibly 
interest,  a  better  idea  of  the  subsequent  progress  of  my  experi- 
ment, than  by  subjoining  occasional  extracts  from  my  daily 
Journal  of  Memoranda,  or  rongh  notes,  made  on  the  spot  at 
the  moment  of  observation. 
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August  I2th,  1838.— At  8  a.  m.  placed  a  quantity  of  the 
Confervs  Functalis,  io  rain  water^  under  the  pneumatic  ap- 
paratus in  garden--evening  bright  with  light  breezes  from 
S.  W.  Since  being  at  rest  the  whole  of  the  minute  plant  has 
resumed  its  natural  tendency  to  the  surface  of  the  fluid,  and 
occupies  the  zenith  portion  of  the  glass  globe.  Appearance 
perfectly  healthy. 

13th,  eight  o'clock,  a.  m. — A  gas  has  been  abundantly 
evcdvecC  during  the  past  night.  The  confervs  has  been  in 
consequence  d^ressed  from  its  original  position  in  the  upper 
hemisphere  of  the  globe,  its  former  place  being  now  occupied 
by  the  gaseous  product,  fully  equal  in  amount  to  the  bulk  of 
plant ;  1  presume  not  less  than  from  sixteen  to  eighteen  cubic 
inches.  The  water  of  the  jar  has  overflown  in  a  ccnresponding 
d^iree. 

18th. — ^The  formation  of  gaseous  matter  from  confervee 
pnnctalis  has  been  almost  regularly  prognuBsive  during  the 
kst  five  days,  and  now  occupies  nearly  one-sixth  of  the  lobu- 
lar hemisphere.  Appearances  indicate  that  the  evolution  of 
gas  is  on  the  decline;  the  plant  also  shows  symptoms  of 
decreasing  vigour. 

2lBt.— Gas  has  not  materially  augmented  to-day;  and  I 
conclude  that  the  confervs  has  nearly  ceased  to  vegetate. 

Four  o'clock,  p.  m. — Resolved  to  transfer  the  gas  collected 
from  glass  globe  to  a  series  of  air  jars  of  diflferent  capacities, 
for  the  purpose  of  chemical  exammation. — Six  o'clock,  p.  m. 
Gas  generated  within  the  space  of  nine  days,  amounts  to 
fifty-eight  cubic  inches,  and  proves  to  be  oxygen  more  pure 
tha^  usually  obtained  artificially.  An  extinguished  wax  taper 
is  instantaneously  relighted  by  being  j^unged  therein,  and 
phosphorus,  iron  wire,  and  other  combustibles,  bum  with 
great  brilliancy.  A  cubic  inch  tube,  graduated  in  hundredths, 
charged  with  the  gas  and  placed  over  pure  li^quor  potassa. 

2M.  evening.— The  volume  of  gas  in  cubic  inch  tube  over 
liquor  potassa  (temperature  considered)  has  diminished  only 
one  and  a  half  per  cent  in  about  twenty-four  hours,  and  has 
remained  without  decrease  during  the  greater  part  of  that 
time ;  consequently,  the  oxygen  thus  obtained,  holds  in  ad- 
mixture a  smaUer  proportion  of  carbonic  acid  than  that 
generally  procured  by  exposing  to  a  red  heat  the  peroxide  of 
manganese. 

These  experiments  with  the  confervs  punctalis  were  several 
times  repeated  during  the  months  of  August  and  September, 
aod  invariably  with  similar  results,  as  witnessed  by  divers 
scientific  firiends  who  obligingly  interested  themselves  on  the 
occasion.     Subsequently  the  lemna,  a  genus  of  the  moncecia 
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diandria  class,  (commonly  denominated  duck-weed)  was  often 
subjected  to  the  same  process  of  examination,  with  the  only 
difference  that  it  did  not  produce  oxygen  quite  so  abundantly 
as  the  confervffi  punctalis,  though  the  gas  obtained  from  the 
lemna  was  found  to  be  in  a  trifling  degree  more  pure  than 
that  evolved  by  the  former  description  of  plant,  inasmuch 
as  it  was  proved  by  chemical  analysis  to  contain  only  one  per 
cent  of  carbonic  acid. 

In  the  early  part  of  the  month  of  October,  I  commenced  a 
series  of  similar  trials  with  several  larger  species  of  aquatic 
plants,  but,  owing  to  removal  from  their  native  habitudes  at 
a  late  period  of  the  season,  my  efforts  were  not  attended  with 
a  like  degree  ^f  success.  From  these  latter  exi>eriments, 
however,  I  learned  that  it  is  only  in  the  perfectly  healthy  and 
vigorotis  state  that  plants  possess  the  power  to  decompose 
water  and  liberate  its  oxygen.  Under  certain  circumstances, 
which  require  further  researches  to  define,  I  am  convinced 
that  some  plants  evolve  a  portion  of  nitrogen. 

As  connected  with  ana  arising  out  of  the  subiect  of  this 
paper,  1  shall  permit  myself  to  subjoin  a  few  desultory  obser* 
vations.  It  has  been  ingeniously  suggested  to  me  by  a  highly 
esteemed  scientific  friend,  that  the  oxygen  obtained  during 
the  experiments  above  detailed,  might  possibly  arise  from  the 
decomposition  of  a  considerable  portion  of  carbonic  acid,  not 
unfrequently  held  in  solution  by  certain  waters.  Now,  the 
water  employed  in  my  experiments,  as  first  stated,  was  taken 
from  a  large  open  tank  on  the  premises,  and  it  is  quite  fair  to 
say  that  few  specimens  could  be  furnished  in  greater  purity. 
The  substances  known  generally  to  be  held  in  solution  by 
rain  water,  are  air,  carbonic  acid,  carbonate  of  lime,  and, 
according  to  Bergman,  occasionally  some  traces  of  nitric  acid 
and  a  little  muriate  of  lime.  The  best  authorities  agree  that 
the  quantity  of  air  in  good  water,  of  the  kind  in  question,  does 
not  exceed  one-twenty-eighth  of  the  bulk ;  and  that  one  hun- 
dred cubic  inches  contain  generally  about  one  cubic  inch  of 
carbonic  acid  gas,  but  I  have  satisfied  myself  that  the  rain 
water  actually  employed,  yielded  rather  short  of  the  usual 
assumption.  If  we  reckon  the  bolt^head  to  contain  one  gal- 
lon, or  about  278  cubic  inches,  which  will  be  a  sufficient 
approximation  to  the  fact,  we  shall  perceive  that  the  full 
amount  of  carbonic  acid  in  the  water  of  my  experiment  could 
not  exceed  three  cubic  inches,  a  quantity  quite  inadequate  to 
furnish  on  decomposition  even  a  sixth  part  of  the  oxygen 
evolved  during  the  first  night,  and  the  possibility  of  the  water 
acquiring  any  addition  of  carbonic  acid  by  absorption  fitMn 
the  surrounding  atmosphere,  was  effectually  provided  against- 
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in  the  constroction  of  the  i^pitfatas.  Nor  does  it  appear 
that  the  commcm  air  contained  in  the  water  uaed,  had  been 
expelled  and  thus  augmented  the  volume  of  gas  ultimately 
measured^  because  the  only  deviation  from  the  pure  oxygen 
found  on  analysis,  was  from  one  to  one  and  a  half  per  cent  of 
carhcMiic  acid.  If  we  suppose  the  plant  capable  of  decomposing 
atmosphtf  ic  air,  a  considerable  quantity  of  nitrogen  must  have 
been  manifest  on  examination. 

Sir  H.  Davy,  at  page  192,  fourth  edition  of  his  "  Last  Days 
of  a  Philosopher,"  says  '*  those  fishes  that  spawn  in  Spring  or 
the  beginning  of  Summer,  and  which  inhabit  deep  and  still 
waters^  as  the  carp,  bream,  pike,  tench,  &c.,  deposit  their  eggs 
upon  aquatic  vegetables,  which,  by  the  influence  of  the  solar 
%ht,  constantly  preserve  the  water  in  a  state  of  aeration." 
lluragfa  the  form  of  expression  used  by  our  celebrated  philoso- 
I^r  is  not  definitive,  I  think  I  may  safely  assert  tnat  the 
means  employed  by  nature  to  effect  the  important  object 
alluded  to  by  Davy,  that  of  preserving  the  water  in  a  state  of 
aeration,  consists  in  the  power  of  growing  plants  to  decompose 
that  fluid  and  supply  a  vivifying  principle  to  the  eggs  by  the 
disengagement  of  oxygen.  Upon  similar  grounds,  I  presume, 
we  might  fairly  conclude,  that  the  baneful  influence  of  malaria 
arising  from  the  stagnant  waters  of  marshy  districts,  is,  during 
the  spring  and  summer  materiaUy  modified  by  the  oxygen 
(emphatically  characterized  as  vital  air  by  Dr.  Priestly)  gene- 
rated from  the  action  of  confervs  and  other  aquatic  vegeta- 
bles, abundantly  inhabiting  the  still  waters  of  such  localities. 
In  the  season  of  autumn,  when  the  vigorous  action  of  vege- 
tation has  ceased,  and  the  plants  themsdves  in  many  instances 
pass  into  decomposition,  experience  shows  that  the  demon 
malaria  begins  to  difiuse  its  most  pestiferous  exhalations- 
It  being  obvious,  from  the  experiments  above  recorded, 
that  the  leaves  of  plants  are  frumished  with  organs  suited  to 
the  office  of  decomposing  water,  and  as  we  find  only  one  of 
the  elements  of  this  fluid  set  at  liberty,  it  follows  lofi^ically 
that  the  other  element,  viz.  the  hydrogen,  is  absorbed  by  the 
^ant  and  adapted  to  the  purposes  of  the  vegetable  economy; 
at  least,  I  [n^esume  that  1  have  brought  sufficient  evidence  to 
show,  that  in  addition  to  the  offices  of  the  roots,  leaves, 
**  common*^  and  **  proper  vessels,^*  hitherto  known,  nature  has 
provided  plants  with  another  important  source  of  action,  by 
the  direct  exercise  of  which  they  derive  from  one  of  the  ele- 
ments of  water,  a  principal  constituent*  of  their  own,  whfle 

*  Some  ten  or  twelve  years  smce,  while  engaged  in  the  analysis 
of  upwards  of  forty  specimens  of  indigenous  and  foreign  woods,  by 
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from  the  disenffagemeiit  of  the  other^  they  silently  administer 
to  the  purity  of  the  atmosphere  and  the  economy  of  animal 
life.  1  have  not  infrequently  spent  many  hours,  aided  by  the 
microscope^  in  watching,  particularly  in  bright  days;  the 
evolution  of  gas  bubbles  as  they  are  lormed  and  disengaged 
from  small  aquatic  vegetables,  as  well  as  from  the  detached 
leaves  of  other  plants  immersed  in  water ;  and,  as  one  of  the 
fruits  gathered  from  such  observation,  I  imagine  I  shall  not 
risk  any  very  serious  condemnation,  in  venturing  to  conjecture 
that  the  spinous  or  downy  points  presented  by  the  superfices 
of  leaves  (and  I  find  it  is  to  these  points  that  the  bubbles  of 
gas  are  invariably  attracted)  are  analogous  to  so  many  gal- 
vanic poles,  rendered  more  or  less  potent  by  the  agency  of 
solar  light  and  other  circumstances ;  thus,  however  minute 
and  trivial  in  their  individual  operation,  producing  by  their 
infinitude  an  amazing  aggregate  of  electro-chemical  action ; 
and  though,  doubtless,  this  be  most  conspicuous  where  exer- 
cised in  the  stagnant  pool,  or  meandering  rivulet,  yet,  never- 
theless, extending  its  natural  magic  equally  to  decompose  the 
beautiful  leaflet  gem  exhibited  in  the  spangling  dew-arop. 


the  process  of  close  distillation,  I  became  forcibly  struck  with  the 
proportionately  large  volume  of  hydrogen  frequently  evolved  in 
combination  with  carbon,  Ac;  so  abundant,  mdeed,  that  I  was 
induced  to  convey  it  into  a  temporary  reservoir,  and  occasionally 
appropriated  it  as  a  means  of  illumination  in  my  laboratory  opera- 
tions. If,  durinjr  the  growth  of  plants,  this  quantity  of  hydrogen 
be  not  materia^  derived  from  the  decomposition  of  water,  by  a 
direct  exercise  of  their  external  fimctions,  it  will  be  extremely  dif- 
ficult to  account  for  its  origin  and  presence  as  a  component  of 
ligneous  fibre;  for,  though  we  are  not  yet  accurately  familiarized 
with  the  vntenud  organization  of  vegetables,  and  their  consequent 
capabilities,  it  seems  scarcely  probable  that  to  this  single  and  some- 
what limitedsource  alone,  the  whole  of  the  hydrogen  is  attributable 
which  we  find  resulting  on  carefiil^nalyiis. 
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III.  Experimental  and  Theoretical  Researches  in  ^lec^ 
tricity.  Second  Memoir.  By  William  Sturgeon^  Lec- 
turer on  Experimental  Philosophy  at  the  Hon.  E^t  India 
Company's  Military  Seminary^  Addiscombe^  &c.* 

Read  March  3d,  and  December  19tb,  1838. 

On  the  Identity  or  ^on-identity  of  Electricity  and  Mag^ 
netum — Different  opinions  of  Philosophers  on  this  topic 
— Experimental  Examination  of  those  Phenomena  which 
are  supposed  to  favour  the  hypothesis-r^  Examination  of 
M.  ^mpere^s  Hypothesis — The  polar  forces  of  hard  Heel 
Magnets  unv€mquishable  by  Electric  Currents — The 
inefficiency  of  Electric  Currents  in  magnetizing  hard 
steel  to  a  high  degree  of  power — The  distribution  of  mag- 
netic force  exhibited  by  Steel  Magnets  and  by  Loadstone, 
not  imiuMe  by  Electric  Currents. 

88.  In  the  first  memoir  which  I  had  the  honour  to  present 
to  this  Society,  I  endeavoured  to  elucidate  those  fundamental 
principles  of  electripity,  which  appear  obviously  developed  by 
an  extensive  series  of  illustrative  phenomena^  and  well  calcu- 
lated to  afford  an  easy  explanation  of  the  nature  and  peculiarity 
of  electric  action.  There  stilly  however^  remains  one  very 
important  theoretical  point  on  which  I  have  not  yet  touched ; 
a  point  which  is  yet  wavering  under  the  dominion  of  vacillating 
opinion,  without  any  partv  venturing  a  demonstration  of  his 
peculiar  ideas :  or,  indeed,  showing  much,  if  any,  reason  for 
entertaining  them . 

89.  The  discovery  of  the  identity  of  lightning  and  ordinary 
electric  discharges,  by  Franklin,  and  the  well  established  facts 
of  lightning  depolarizing  compass  needles,  reversing  the 
polarity  of  others,  and  producing  other  remarkable  magnetic 
phenomena,  were  events  that  have,  long  ago,  led  philosophers 
to  imagine  that  electricity  and  magnetism  are  not  distinct 
powers  of  nature:  but  that,  more  probably^  they  emanate,  in 
different  forms,  firom  one  and  the  same  physical  cause.  The 
apparent  similarity  of  the  attractions  and  repulsions  in  mag- 
netism and  electricity,  has  also  been  considered  as  favourable 
to  the  hypothesis. 

90.  It  is  now  more  than  half  a  century  a^  since  the 
celebrated  Father  Beccaria  ventured  an  opimon,  that  the 
electrical  and  ma£;netic  powers  are  identical.  ^^Are  not  these 
peculiar  effects  of  the  electric  fire  with  respect  to  magnetism,'* 

*  FVom  the  Transaetions  of  the  London  Electrical  Society. 
Vol.  IV.— No.  19,  July,  1830.  C 
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said  this  eminent  philosopher,  "  so  many  proofs  which  cor- 
roborate my  former  conjectures^  that  the  peculiar  magnetic 
force  observed  in  loadstone  is  to  be  attributed  to  either  atmos- 
pherical or  subterraneous  strokes  of  lightning ;  and  that  the 
universal  systematic  properties  of  magnetic  bodies  are  pro- 
duced by  an  universal  systematic  circulation  of  the  electric 
element  r'*  This  hypothesis  of  the  illustrious  Italian  was 
not  much  attended  to>  till  the  discovery  of  electro-magnetism^ 
which  happened  nearly  fifty  years  afterwards ;  when  it  was 
again  broached,  as  a  new  idea,  by  M.  Ampere.  Since  that 
time  the  hypothesis  has  gained  many  [Mroselytesj  though  there 
be  still  some  philosophers  who  do  not  entertain  that  opinion  : 
and  as  electricity  Ins  latterly  produced  many  phenomena, 
whose  true  cause  can  only  be  unaer^tood  by  a  proper  solution 
of  the  problem  which  this  disputed  point  has  created,  a  strict 
investigation  of  the  various  circumstances  connected  with  it 
can  hardly  fail  to  be  interesting  to  the  Electri<!al  Society :  I 
have  therefore  devoted  the  whole  of  this  memoir  to  that  par- 
ticularly important  subject,  in  which,  it  will  be  found,  I  have 
collected,  examined,  and  arranged  the  most  striking  instances 
of  analogy  in  electricity  and  magnetism :  and  have  also  pointed 
out  many  phenomena  in  which  they  as  obviously  disagree.  I 
have  contemplated  the  whole  as  profoundly  as  1  have  been 
able,  and  have  discussed  the  various  topics  as  J  have  proceeded, 
with  freedom  and  candour,  in  the  manner  following: — 

91.  If  one  of  the  poles  of  each  of  two  magnets  be  presented 
to  each  other,  a  tendency  either  to  recede  from,  or  approach 
each  other  is  immediately  manifested,  accordingly  as  these 
poles  are  similar  or  dissimilar  respectively;  and  because  simi- 
lar and  dissimilar  electrized  bodies  evince  corresponding  ten- 
dencies to  move  from  or  towards  each  other,  the  two  sets  of 
phenomena  have  been  regarded  as  marking  a  strong  analogy, 
and  have  been  held  forth  as  evidence  in  favour  of  the  identity 
of  the  magnetic  and  electric  agents.  But,  before  these,  or 
any  other  supposed  analogies  be  permitted  to  enter  into  any 
code  of  physical  laws,  they  ought  to  be  examined  with  the 
most  rigid  scrutiny  and  exactness.  The  phenomena  ought 
not  only  to  be  compared  with  each  other,  but  each  individual 
event  should  be  traced,  as  closely  as  circumstances  will  per- 
mit, to  the  nearest  cause  of  its  production;  and  in  what  man- 
ner it  would  be  affected  by  varying  the  conditions  of  the  ex- 
periment :  and,  in  the  question  before  us,  it  is  only  from  such 
close  investigations  as  these,  that  data  are  to  be  obtained 
which  can  be  esteemed  of  much  intrinsic  value. 

*  Treatise  on  Artificial  Electriciiy.  By  Father  Giambatista 
Beccaria,  p.  310,  English  edition,  London,  177^ 
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92.  In  contemplating  the  phenomena  I  have  been  speaking 
of  in  the  manner  proposed^  let  it  be  supposed  that  ns  s'n\  fig. 
1,  Plate  II,  are  two  magnetic  needles,  each  suspended  by  a 
fine  thread ;  and  that  p  and  n,  .fig.  2,  are  two  dissimilarly 
electrized  balls,  suspended  in  a  like  manner.  Then,  because 
of  the  magnetic  poles  ns^  n's,  which  are  opposite  to  each 
oihiT,  being  of  different  kinds,  they  will  approach  each  other 
until  they  OHne  into  contact :  and  a  parallel  phenomenon  will 
be  exhibited  by  the  dissimilarly  electrized  balls,  p.  n.  Thus 
fiir  the  analogy  appears  to  hold  good.  Our  conclusions,  how- 
ever, are  not  to  be  drawn  from  these  &cts  alone,  for  the 
motions  already  performed  are  the  mere  preliminaries  to  the 
display  of  other  phenomena  which  demand  still  greater  atten- 
tion, and  reveal  the  operation  of  other  attributes  than  those 
which  brought  the  bcxlies  together.  The  electric  balls,  p,  7t, 
very  shortly  after  the  first  contact,  separate  from  each  other; 
and  if  their  first  electric  conditions  were  of  equal  degrees 
above  and  below  the  common  standard,  or  neutral  state,  they 
would  neutralize  each  other's  action,  and  their  fibres  of  sus-* 
pension  would  hang  parallel  to  each  other.  But  if  their  first 
electric  conditions  were  not  of  equal  degrees  above  and  below 
the  natural  standard,  both  balls  would  remain  either  positively 
or  negatively  electrical,  accordingly  as  p  orn  exhibited  the 
greater  degree  of  electric  tension  prior  to  the  first  contact.  In 
either  case  the  balls  would  display  a  tendency  to  recede  from 
each  other,  and  diverge  their  fibres  of  support. 

93.  Now  the  motions  last  exhibited  by  the  electric  balls 
find  no  parallel  phenomena  in  the  magnetic  poles  ns'  ns',  fig. 
1,  which  still  cling  together  without  evincing  the  least  ten- 
dency to  separate :  instead  of  which,  it  is  a  well*known  fact, 
that  the  longer  those  poles  are  permitted  to  remain  unmolested 
the  greater  degree  of  force  would  be  required  to  separate  them. 
Hence,  then,  without  entering  into  any  theoretical  disquisition, 
t^ese  electric  and  magnetic  phenomena  are  so  obviously  dis- 
similar, that  instead  of  being  susceptible  of  inferences  in 
&vour  of  an  identity  in  the  operating  causes,  they  have  an 
obvious  tendency  to  bias  the  mind  to  the  very  opposite  con->> 
elusion. 

94.  Let  the  two  electric  balls,  p,  n,  fig.  3,  be  suspended  on 
the  opposite  sides  of  a  fixed  ball  B,  which  is  in  the  natural 
electric  condition.  The  electric  bodies  p  and  n  will  im- 
mediately approach  B ;  and  after  contact  with  that  body  they 
will  recede  from  it.  When  the  body  B  is  insulated,  and  the 
bodies  p  and  n  differ  in  degree  of  electric  tension,  above  and 
below  the  natural  standard  respectively,  all  the  three  bodies 
iiemain  electrized  after  contact :  andjp  and  n  exhibit  a  ten- 
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dency  to  recede  from  B.  If,  on  the  other  hand,  p  and  n  are 
of  equal  decrees  of  electric  tension  above  and  below  the 
natural  standard,  they  will  neutralize  each  other  through  the 
medium  of  B ;  and  B  also  will  remain  neutraL  If  the  body 
B  were  uninsulated,  it  would  be  a  matter  of  no  consequence  in 
what  manner  p  and  n  were  electrized,  they  would  both  become 
neutralized  by  contact  with  that  body.  Here  then  we  have 
three  conditions  under  which  the  electric  balls,  p  and  n,  would 
approach  B  by  electric  action  ;  but  in  no  case  would  they  be 
retained  in  contact  with  that  body.  In  every  variation  of 
these  experiments  the  bodies,/?  and  n,  would  have  their  elec- 
tric energies  considerably  deteriorated  by  contact  with  B ; 
and  in  some  cases  those  energies  would  totally  vanish  by  such 
contact^  however  powerfully  they  might  previously  have  been 
displayed. 

95.  Let  now  a  parallel  experiment  be  made  in  magnetics, 
by  suspending  two  light  bar-magnets  by  threads  as  represented 
by  fig.  4.  When  the  inferic^  dissimilar  poles  n  s'  hang  on  the 
opposite  sides  of  a  soft  iron  ball  t,  as  in  the  figure,  they  im- 
mediately approach  that  ball ;  and  when  they  have  once  come 
into  contact  with  it  they  remain  attached  to  it;  and  the  longer 
they  are  left  undisturbed  the  greater  is  their  tendency  to 
remain  there :  so  that  the  contact,  instead  of  diminishing  the 
attractive  force^  absolutely  increases  it.  How  very  different 
are  these  events  to  those  which  occur  by  electric  action.  In 
every  case  of  contact  by  magnetic  attraction,  the  forces  which 
bring  the  bodies  together,  become  exalted  in  some  proportion 
to  the  closeness  of  contact :  and  in  no  case  are  those  forces 
impaired  by  time.  The  electric  attractive  forces,  on  the  con- 
trary, are  invariably^  and  immediately  impaired  by  the  bodies 
touching  one  another.  In  some  cases  they  are  suddenly  and 
totally  neutralized ;  and  in  no  instance  are  they  of  long  dura- 
tion independently  of  a  continuous  exciting  process. 

96.  Electro-polarization  (52,)  has  an  apparent  analogy  in 
magnetism,  but  the  different  ways  in  which  the  experiments 
may  be  varied,  lead  to  results  which  show  an  obvious  differ- 
ence in  the  causes  producing  them.  The  nearest  responsive 
fiftct  is  the  polarization  of  soft  iron  by  placing  it  in  the  vicinity 
of  a  permanent  magnetic  pole.  If,  for  instance,  the  piece  of 
soft  iron  i',  n',  fig.  5,  be  juaced  near  to  the  magnetic  pole  s,  of 
the  steel  bar  $,  n,  a  magnetic  polarity  will  immediately  be 
displayed  in  the  iron  bar :  and  arranged  as  indicated  by  the 
letters,  viz.  the  south  pole  s  of  the  magnet  «^  s,  will  cause  a 
north  pole  in  the  vicinal  extremity  n',  and  a  south  pole  in  die 
remote  extremity  s'  of  the  iron  bar  :  but  if  the  north  pole  of 
the  magnet  be  presented  to  the  soft  iron  as  represented  by 
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fig.  6,  the  order  of  polarity  in  the  iron  will  be  the  reverse  of 
that  in  the  former  instance  :  though  still  in  accordance  with 
the  same  law :  for  in  both  cases  the  poles  in  the  permanent 
magnet  occasion  poles  of  the  opposite  kind  to  be  exhibited  in 
the  nearest  extremity  of  the  iron  :  and  polarity  of  the  same 
kind  in  the  remote  extremities  of  the  iron. 

97.  ITie  circumstances  under  which  the  magnetic  polarity 
thus  di^layed  by  pieces  of  soft  iron  bears  so  strong  a  resem- 
blance to  those  necessary  to  the  production  of  electro-polarity 
(62,  figs.  89  and 90,  PI.  XII,  Vol.2,)  that  a  superficial  observer 
mi^t  easily  be  led  to  imagine  that  the  same  agency  was  in  ope- 
ration in  both  cases :  but  here,  as  in  the  cases  {dready  described 
(92,93,94,95,),  a  close  investigation  of  these  phenomena, 
and  a  correct  view  of  those  which  a  variation  of  the  circum- 
stances productive  of  them  exhibit,  lead  to  very  different 
inferences.  Let  us,  for  instance,  permit  the  pieces  of  soft 
iron,  as  in  figs.  5  and  6,  to  touch  the  permanent  magnetic 
poles  to  which  they  are  presented.  The  steel  and  iron  would 
remain  as  decidedly  polar  as  before :  and  the  remote  poles  s' 
and  n'  of  the  two  pieces  of  iron,  and  n  and  t  of  the  steel  bars 
would  displav  still  stronger  polar  forces  than  prior  to  the  con- 
tact ITiese  racts  have  no  parallel  in  electricity  :  for  if  the  elec- 
tric bodies  P  and  N,  figs.  89  and  90,  PI.  XII,  Vol.  2,  be  brought 
into  contact  with  the  bodies  n,  p,  and  p,  n,  to  which  they  are 
respectively  presented,  the  phenomena  of  polarity  cease  to  be 
exhibited :  each  pair  of  bodies  immediately  becomes  similarly 
electric  1:hroughout ;  the  one  pair,  fig.  89,  being  all  in  an  elec- 
tro-positive condition,  and  the  pair,  fig.  90,  being  in  an  electro- 
negative condition,  on  every  part  of  their  surfaces. 

98.  The  electric  phenomena  displayed  by  bringing  the 
bodies  P,  and  «,  p,  fig.  89;  and  N,  and  p,  n,  fig.  90,  are 
easily  explained  by  supposing  an  introgression  of  fluid /rom 
the  relatively  positive  to  the  relatively  negative  bodies  of  each 
pair  :  but  it  would  be  exceedingly  difficult  to  understand  how 
the  magnetic  bodies  maintained  their  polarity  by  any  similar 
distribution  of  a  fluid,  or  of  any  other  physical  agent,  for 
whatever  may  be  the  nature  of  the  magnetic  agent,  it  is  ob- 
viously more  determinedly  fixed  or  accumulated  in  the 
extremities  of  ferruginous  bars  by  close  contact,  than  when 
those  bodies  are  at  an  appeciable  distance  from  one  another. 
Hence  we  discover  that  the  magnetic  and  electric  forces, 
which,  at  certain  distances,  effect  such  a  similarity  of  phe- 
nomena in  bodies  situated  in  their  respective  localities,  are 
productive  of  no  corresponding  fiicts  when  the  approximation 
of  those  bodies  is  sufficiently  close.  Neither  do  the  phenomena 
agree  which  the  newly  magnetized  and  electrized  bodies 
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exhibit  after  they  have  quitted  those  original  magnetic  and 
electric  bodies  whereon  the  respective  disturbing  forces  reside ; 
for,  after  the  separation  of  n,  p,  andp,  n,  figs.  ^  and  90,  Plate 
XII,  Vol.  2,  from  P  and  N  respectively,  the  former  would  ex- 
hibit positive  and  the  latter  negative  electric  action  :  but  the 
pieces  of  iron,  figs.  5  and  6,  Plate  II,  would  lose  all  traces  of 
magnetic  acticm,  when  once  they  were  sufficiently  removed 
from  the  localities  of  the  magnets  to  which  they  had  been 
attached. 

99.  If  it  can  be  imagined  that  by  substituting  steel  for  the 
pieces  of  soft  iron  in  figs.  .5  and  6,  Plate  II,  an  analogy  to  the 
phenomena  exhibited  by  the  electrized  bodies  would  have  been 
more  apparent,  by  the  steel  retaining  magnetic  action  after 
quitting  the  disturbing  mac^etic  poles,  I  would  observe  that, 
its  retaining  some  trace  of  magnetic  action  is  a  fact  which 
cannot  be  denied :  but  in  that  case  the  steel  would  remain 
polar,  as  is  always  the  case  with  magnetic  bodies  :  and  as  no 
trace  of  polarity  would  be  exhibited  by  the  electric  bodies,  but 
on  the  contrary,  an  uniformity  of  electric  action  would  be  dis« 
coverable  over  every  part  of  their  respective  surfaces,  the 
supposed  analogy  again  loses  its  support,  and  as  decidedly 
fails  in  this  instance  as  in  those  previously  discussed.  More- 
over, the  pieces  of  steel  would  retain  their  polarity  unimpaired, 
even  after  long  continued  contact  with  other  bodies ;  whereas 
the  electric  bodies  would  lose  all  trace  of  electric  action  by  the 
slightest  touch  with  iminsulated  conductors. 

100.  A  globe  of  steel  may  be  made  to  exhibit  permanent 
magnetic  pdarity  when  far  removed  from  every  dbturbing 
force  :  but  the  same  globe  will  not  maintain  any  corresponding 
electric  action.  A  plate  of  glass  will  exhibit  electro-polarity, 
on  its  opposite  surfaces,  for  some  considerable  time  after  it 
has  been  removed  from  the  exciting  apparatus :  but  magnetic 
polarity  is  not  known  to  be  exhibited  by  glass.  If  then  the 
magnetic  and  electric  elements  be  identical,  why  this  capricious 
selection  of  bodies  for  the  display  of  these  parallel  phenomena? 
The  electric  forces  will  attract  all  kinds  of  matter  without 
exception  ;  but  the  magnetic  forces  appear  to  be  exceedingly 
select  in  this  particular;  operating  on  particular  kinds  only. 
Coated  glass^  whatever  may  be  its  form,  affords  no  permanent 
electric  attractions,  which  are,  in  the  least,  comparable  with 
the  attractions  exhibited  by  magnetic  bodies :  for  if  a  metallic 
arc  connect  the  two  sides  of  a  Leyden  jar,  the  electric  forces 
immediately  disappear ;  but  an  iron  arc  connecting  the  poles 
of  a  horse-shoe  magnet  is  permanently  held  there,  imless 
removed  by  mechanical  violence ;  and  the  longer  it  remains 
undisturbed  by  extrinsic  force,  the  more  vigorously  is  it 
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Ettracted  by  the  pdes ;  and  there  is  bo  known  substance 
whatever,  by  which  the  poles  of  a  magnet  may  be  connected, 
that  will,  in  the  least,  deteriorate  their  powers. 

101.  Those  few  kinds  of  elementary  matter  on  which 
magnetic  attractions  are  known  to  be  exerted,  display  no 
distinction  of  respect  fc^  the  north  or  south  pcdar  forces,  bmng 
attracted  indiscriminately,  and  to  the  same  extent,  by  both. 
Very  different  indeed  are  the  nice  discriminations  of  the 
po^tiv€  and  negative  electric  forces  manifested  in  an  almost 
endless  variety  of  phenomena,  every  one  of  which  teems  with 
interest  in  the  contemplations  of  the  philosopher,  and  beau- 
tifully characterizes  the  agency  of  their  production.  If,  for 
instance,  an  intimate  mixture  of  sulphur  and  red  lead  be 
indbcnminately  projected  through  the  air  to  a  series  <^pon- 
tively  and  negatively  electrized  surfaces,  the  powders  will  be 
separated  from  each  other  by  the  dissimilar  electric  forces, 
into  whose  spheres  of  action  they  are  thrown ;  and  the  sulphur 
and  red  lead  will  respectively  be  found  at  the  positive  and 
n^ative  surfaces,  exhibiting  a  peculiarity  of  arrangement  not 
known  to  be  accomplished  by  any  other  kind  of  physical 
agency.*  Similar  selections  are  uniformly  exhibited  by  elec- 
tric forces,  whenever  the  particles  of  compounds  on  which 
they  operate  are  sufficiently  vcduble  to  be  put  into  motion  by 
them,  or  are  held  together  by  inferior  powers.  Every  individual 
electoKchemical  decomposition  appears  to  be  an  instance  of 
this  kind  of  action,  and  demonstrates  the  peculiarity  of  this 
impcnrtant  fact 

102.  It  has  been  said  by  M.  CErsted,  that  the  only  dif- 
ference  in  the  electric  and  magnetic  forces  rests  in  their 
different  d^^ees  of  tension  or  activity ;  the  electric  being  the 
more  active  or  vigorous  in  its  operations  :  and  this  hypo&esis 
has  been  attempted  to  be  supported  by  M.  Ampere  and  other 
philosophers,  whose  opinions  on  this  subject  will  long  com- 
mand respect.  But  I  must  confess  that  I  can  discern  no 
satis&ctory  discrimination  of  this  kind,  nor  am  I  acquainted 
with  any  &cts  that  are  even  in  the  least  favourable  to  it.  It 
is  well  known  that  electric  attractions  are  the  most  powerful 
when  the  bodies  exhibiting  them  manifest  the  greatest  degree 
of  tension  in  the  display  of  all  other  electric  phenomena.  The 
spark,  for  instance,  is  shown  to  the  best  advantage  when  the 

*  This  fact  was  first  shown  by  Lei^htenberg.  Cavallo  atid 
Bennet,  especiBUy  the  latter  philosopher,  have  extended  the  original 
experiments  of  Leiffhtenberg,  and  varied  them  in  a  variety  of 
pissing  and  interesUng  ways^r^fienn^f  New  Eq>€riments  on  ffec* 
trieity.    Derby  ^  1780. 
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dectric  body^  whence  it  proceed,  exliibits  the  greatest  degree 
of  attraction :  and  the  charge  of  a  jar  is  accomplished  in  the 
shortest  period  of  time,  and  with  the  greatest  degree  of  facility, 
under  similar  circumstances.  Moreover,  when  electric  dis- 
charges are  performed,  either  from  a  single  jar,  or  from  a 
battery  of  jars,  the  striking  distance  is  greatest,  the  flash  is 
the  most  brilUant,  the  noise  is  the  loudest,  the  physiological 
effects  are  the  most  powerful,  and,  in  fact,  every  phenomenon 
is  exhibited  under  the  most  advantageous  circumstances,  and 
in  the  most  perfect  manner,  when  the  jar,  or  battery,  is  in  the 
most  suitable  condition  for  a  display  of  its  attractive  energies. 

103.  But  now  let  us  enquire  into  the  extent  to  which 
electric  attractions  are  usually  exhibited.  Has  any  electrician 
ever  seen  a  prime  conductor,  (which  always  shows  attraction 
more  powerfully  than  any  other  electric  apparatus)  support, 
by  its  electric  energies  alone,  a  single  ounce  of  any  kind  of 
matter  ?  I  presume  not.  If,  then,  with  this  insignificant 
attracting  force,  electricity  be  prepared  for  a  display  of  some 
of  its  most  splendid  and  terrific  phenomena — the  production 
of  vivid  light,  intense  heat,  the  noise  of  thunder,  and  the  de- 
struction of  animal  life :  and  that  magnetism  proceeds  from 
the  same  cause  or  agency,  it  seems  natural  to  ask,  why  it  is 
that  similar  phenomena  are  not  exhibited  to  the  same,  or  even 
a  greater  extent,  by  a  magnetized  body  whose  attractions  are 
ten  thousand  times  ten  thousand  greater  than  any  ever  wit- 
nessed in  electricity?  These  important  questions,  which 
stand  so  prominently  and  essentially  in  the  path  of  investiga- 
tion, demand  the  most  profound  contemplation  of  the  philoso- 
pher, and  must  not  be  passed  over  in  silence  by  those  who  are 
endeavouring  to  identify  the  electric  and  magnetic  powers. 
We  have  yet  to  learn  the  mode  of  producing  a  ma^etic 
spark,  and  are  totally  ignorant  of  the  sensation  communicated 
by  a  magnetic  shock.  And  magnetic  chemistry  is  so  profoundly 
obscur^  from  our  knowledge,  that  no  one  knows  even  of  its 
existence. 

104.  If  our  reasoning  be  permitted  to  rest  on  facts  alone, 
independently  of  favourite  notions  and  ingenious  hypotheses, 
which  are  but  too  apt  to  captivate  the  imagination  of  the 
superficial  observer,  and,  sometimes,  even  to  sap  the  under- 
standing of  the  more  studious  in  science,  the  obvious  contrasts 
in  the  phenomena  presented  by  electricity  and  magnetism 
enforce  themselves  upon  our  notice  too  powerfully  to  be  mis- 
understood. Even  the  attractions,  themselves,  in  which 
alone  the  appearance  of  analogy  exists,  are  so  exceedingly 
dissimilar,  so  truly  distinct  from  one  another,  that  their  pecu- 
liar characteristics  are  well  defined  and  easily  discernible,  and 
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ctanot  be  mkUken  by  those  who  devote  to  them  a  proper 
and  sufficient  degree  of  attention. 

105.  An  insulated  electrized  globular  body  radiates  its 
wUiaetiog  inflneoce  on  every  side  alike,  when  surrounded  by 
an  uniform  medium,  such  as  the  atmospheric  air,  as  mav  be 
understood  by  fig.  7,  PI.  2,  which  may  represent  a  great  circle 
of  the  ^lobe  with  its  radiating  electric  force.  But  a  magnetized 
^be,  similarly  situated  in  space,  exhibits  no  such  radial  in< 
flnence  ;  for  being  polar  on  opposite  points  (n.  s.  fig.  8,)  of 
its  surfitce,  the  greatest  disposable*  attracting  forces  are 
exerted  about  those  polar  regions,  and  especially  in  the  line 
of  their  axis  c<mtinued.  At  right  angles  to  that  axis,  in  the 
plane  of  the  equator,  e  e,  the  polar  forces,  by  their  mutual  at- 
tractions, nearly  balance  one  another ;  neither  of  them  exhibit - 

*  It  appears  by  the  distribution  of  iron-filings,  when  strewed  on 
paper,  above  a  bar  magnet,  that  a  considerable  portion  of  the  north 
and  south  forces  are  engaged  in  attracting  one  another,  as  shown 
by  the  curve  lines  assumed  by  the  filings;  and,  consequently,  are 
not  employed,  or,  at  least,  very  sparingly  so,  in  any  attractions 
which  the  magnet  exercises  on  foreign  bodies,  such  as  pieces  of 
aofl  iron,  magnetic  needles,  &c..  placed  a  few  inches  distant  from 
its  extremities  and  in  a  line  witn  its  axis;  or,  indeed,  opposite  to 
any  other  part  of  its  surface ;  and,  although  much  more  of  the 
m^rnetic  force  is  brought  into  play  as  the  iron  is  brought  nearer, 
ana  most  of  all  when  it  is  in  contact  with  the  pole  of  the  magnet^ 
there  is  still  a  considerable  portion  of  force  whicn  cannot  be  exertea 
on  this  foreifirn  body,  because  of  its  being  engaged  with  the  oppo- 
site force,  about  the  surface  of  the  steel,  which  Ties  between  its  ex- 
tremities]; and  especially  that  which  is  situated  near  to  its  centre. 
For  convenience  then,  I  call  that  portion  of  the  magnetic  force 
which  lies  about  the  equatorial  part,  ihe  engaged  force ;  and  that 
which  is  brought  into  play  on  foreign  bodies,  the  (bsposable  force. 

The  disposable  force  of  anv  magnet  may  be  diverted  from  its  ori. 
ginal  directions  ofMtion  by  the  approximation  of  ferruginous  bodies; 
and,  in  some  instances,  nearly  the  whole  of  it  may  l^  drawn  from 
a  body  on  which  it  operates,  without  moving^  either  the  magnet  or 
the  body.  To  illustrate  this  point,  let  a  bar  magnet  be  placed  six 
or  eight  inches  distant  from  tne  pivot  of  the  needle,  and  at  right 
angles  to  its  direction.  The  disposable  force  of  the  magnet  will 
deflect  the  needle  to  some  considerable  number  of  degrees.  Now 
place  on  each  side  of  the  magnet,  parallel  to  it.  and  about  three 
mches  distant  from  it,  a  piece  ot  sofl  iron,  about  its  own  shape  and 
sice.  The  deflection  of  the  needle  will  lessen  considerably,  showing 
^at  a  portion  of  the  disposable  force  has  been  diverted  from  its 
action  on  the  needle.  Now,  bring  the  pieces  of  iron  nearer  to  the 
mamet,  and  the  deflection  again  decreases;  and  when  the.  pieces 
of  lion  are  iMought  into  close  contact  with  the  magnet,  on«  on  each 
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ing  muoh  disposable  influence  on  exterior  bodies.  Another 
great  characteristic  distinction  in  the  display  of  the  electric 
and  magnetic  forces  by  these  bodies  appears  to  be  this  ; — the 
electric  force  is  wholly  disposable  and  ready  to  be  exerted 
upon,  and  even  transferred  to,  other  vicinal  bodies:  whereas 
the  magnetic  forces  are  neither  transferable  nor  wholly  diS'^ 
posable,  for  no  magnet  has  yet  been  known  to  have  its  power 
impaired  by  contact  with  unmagnetiaed  bodies^  and  in  no 
case  is  the  whole  of  its  attracting  powur  exerted  upon  a  vicinal 
body. 

106.  I  have  been  exceedingly  anxious  to  discover,  if  pos*« 
sible,  some  facts  which  might  afford  analogies  whereon  to  fix 
a  basis  of  reasoning  on  the  identity  of  these  physical  agents ; 
but,  although  I  have  met  with  some  further  phenomena,  far 
from  being  uninteresting  in  the  discussion,  a  close  examina- 
tion of  their  true  character  has  shown  their  evidence  in  favour 
of  the  supposed  identity  to  be  of  no  more  value  than  that 
afforded  by  the  facts  already  noticed. 

107.  If  there  be  one  electric  apparatus  more  than  another, 
whose  action  resembles  the  action  of  the  magnet,  it  is  the  dry 
electric  column,  whose  polar  forces  are  more  uniformly  and 
permanently  e^diibited  than  those  of  any  other  electrical  in- 
strument. But  the  attractive  and  repulsive  powers  of  this 
instrument,  like  those  in  all  other  electrical  arrangements,  are 
exceedingly  feeble  when  compared  with  the  gigantic  powers 
of  a  magnet;  they  are,  moreover,  directed  towards,  and 
operate  upon,  every  kind  of  matter  without  distinction, 
whereas  the  magnetic  attractions  and  repulsions,  notwith- 
standing their  vigorous  action  on  ferruginous  bodies,  are,  with 
the  exception  of  one  or  two  of  the  metals,  perfectly  inert  on  all 
other  kinds  of  matter.  The  attractions  and  repulsions  of  the 
electric  column  are  productive  of  vibratory  motions  in  pen- 
dulous bodies  properly  situated  between  the  poles;  which 

side,  firom  end  to  end,  nearlv  the  whole  of  the  dimosable  force  will 
foe  exerted  on  the  iron,  and  but  very  litUe  of  it,  if  any,  will  reach 
the  needle  k>  as  to  cause  a  perceptible  deflection.  Now,  in  this 
case,  the  extremities  of  the  magnet  are  still  untouched  by  the  iron^ 
and  are,  consequently,  as  much  exposed  to  the  needle  as  when  the 
iron  was  not  present ;  notwithstanding  which,  it  is  obvious  from  the 
experiment,  that  the  disposable  force  which  before  deflected  the 
needle  has  now  taken  another  direction,  and  is  employed  in  polar* 
isnng  the  pieces  of  soft  iron.  The  disposable  force  of  the  magiiet, 
however,  althoucrh  it  cannot  now  reacn  the  needle  with  a  sufficient 
degree  of  formidableness  to  accompliBh  deflection,  is  not  entirely 
enga^red  by  the  iron,  a  residuum  still  remaining,  which  is  detected 
by  bnnging  the  needle  nearer  to  the  magnet. 
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ihow  that  the  vibratii^  body  changes  its  electric  condition  at 
every  contact  with  either  pole  of  the  instrument^  and  accom- 
modatea  itself  to  the  attractive  influence  of  the  opposite  pole. 
When  the  pendulous  body  has  come  into  contact  with  the 
positive  pole,  it  acquires  an  electro-positive  condition,  and  is 
repelled  to  the  negative  pole,  where  it  deposits  its  charge  and 
becomes  electro-negative.  It  is  now  again  under  the  attractive 
infloenoe  of  the  positive  pole,  to  which  it  is  compelled  to  make 
another  journey,  and  from  which  it  receives  a  new  char^ 
and  an  immediate  succeeding  repellent  impulse,  which  agam 
directs  it  to  the  negative  pole ;  and  in  this  manner  the  sus« 
pended  body  performs  its  vibratory  motions,  being  in  an 
electro-positive  condition  whilst  travelling  in  one  direction, 
and  in  an  electro-negative  condition  whilst  travelling  in  the 
other.  By  these  means  a  pulsatory  current  permeates  the 
pile  from  the  negative  to  the  positive  pole,  the  fluid  being 
transported  throu^  the  air,  from  the  latter  to  the  former  by 
means  of  the  pendulous  body.* 

108.  Besides  the  pendulous  motions  already  alluded  to, 
the  dry  electric  column  is  productive  of  physiological  and  che- 
mical phenomena,  will  emit  spai'ks  and  charge  coated  glass 
and  otner  infenor  conductors,  as  decidedly  as  charges  are 
produced  by  the  machine :  all  of  which  are  so  perfectly  dis- 
tinct fromi  ao  decidedly  f(»eign  to,  any  known  capabihties  of 
the  magnet,  that  there  is  not  to  be  found  one  solitary  trace  of 
analogy  in  the  performance  of  the  two  kinds  of  apparatus. 
The  attractions  and  repulsions  are  the  only  phenomena  in 
which  there  is  a  shculow  of  resemblance,  whilst  in  recUity 
trnen  this  fikint  analogy  has  obviously  no  special  existence. 
The  delicate  electric  forces  which  alternate  the  conditions  of, 
and  give  vibratory  motions  to,  the  pendulous  body,  find  no 
linularity  of  action  in  the  miotic  attractive  forces  of  the 
magnet,  which  select  those  of  their  ovm  species  only ;  whose 
coeval  polar  affinities  mutually  exalt  the  action,  and  constrain 
the  attracted  body  to  assume  a  determinate  polar  condition, 
and  prevent  its  escape  from  the  vigorous  influence  of  the 
p<de  to  which  it  is  first  attached.  Hence  as  no  vacillancy  in 
the  magnetic  condition  of  the  attracted  body  b  produced,  the 
grand  essential  to  vibratory  motion  has  no  existence  in  mag- 
netics :  nor  can  any  such  locomotions,  as  those  exhibited  by 

*  As  this  diflcussion  requires  experimental  facts  rather  than 
theoretical  opinions,  I  have  not,  in  tnis  place,  entered  on  the  doc- 
trine* of  the  dry  electric  column.  It  is  pottible  I  may  have  occanon 
at  same  other  time,  io  enter  fiiUy  into  the  philosophy  of  this  interest- 
ing apparatus. 
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the  electric  column,  be  produced  by  any  known  self-acting 
powers  of  the  magnet. 

1C9.  If  we  are  to  look  for  the  supposed  identity  of  electri- 
city and  magnetism  amongst  electro-magnetic  phenomena, 
we  are  still  as  &r  from  arriving  at  satisfactory  conclusions  as 
in  any  other  branch  of  the  science.  It  is  true,  we  here  find 
some  of  the  most  striking  and  interesting  affinities  which 
electricity  and  magnetism  nave  hitherto  developed  ;  affinities 
which  will  ever  link  these  sciences  together  in  the  firmest 
bonds  of  physical  union,  though  by  no  ncieans  identifsring  the 
elements  l)y  which  the  phenomena  are  produced.  Each  de- 
mental  agent  plays  its  own  part  in  the  production  of  electro- 
magnetic  phenomena  as  decidedly  as  in  those  of  magnetic 
electricity,  whose  display  is  accomplished  by  the  reciprocal 
excitement. 

110.  From  the  attractions  and  repulsions  exhibited  by 
wires  carrying  electric  currents,  M.  Ampere  was  led  to  imagine 
that  all  magnets  owe  their  influence  to  an  unremitting  circu- 
lation of  the  electric  fluid;  an  hypothesis  so  exceedingly 
ingenious,  and  so  eminently  calculated  to  favour  the  expecta- 
tions of  some  philosophers,  that  there  can  be  no  astonishment 
excited  by  its  gaining  proselytes  amongst  those  whose  minds 
were  already  predisposed  for  its  reception.  But,  notwith- 
standing the  respect  which  is  due  to  the  talents  of  those 
philosophers  who  have  favoured  Ampere's  views  on  this  topic, 
1  must  candidly  confess  that  the  hypothesis  has  always 
appeared  to  me  to  be  much  easier  to  acknowledge  than  to 
understand.  In  the  present  investigation  I  have  considered 
experimental  facts  as  the  only  data  on  which  I  can  proceed 
with  any  chance  of  success  of  arriving  at  a  close  approximation 
to  true  theoretical  inferences.  I  have,  therefore,  neither 
ventured  an  opinion  of  my  own,  nor  permitted  the  views  of 
others  to  influence  the  inquiry. 

111.  The  imaginary  electric  currents  to  which  Ampere 
refers  all  magnetic  action,  lead  us  (o  enquire  into  the  character 
and  situation  of  their  source,  and  by  what  means  they  can  be 
supposed  to  be  perpetually  and  equably  maintained,  either 
on  the  surface,  or  within  the  body,  of  a  steel  bar.  Here  it  is 
that  we  are  led  to  enumerate  and  examine  all  the  known 
artificial  sources  of  electric  excitement,  and  endeavour  to 
trace  their  influence  to  the  operations  of  permanent  steel 
magnets.  Independently  of  magnetic  excitation,  we  know 
of  only  three  sources  of  electric  currents,  viz.  frictional,  voltaic, 
and  thermal:  for  besides  these  four,  there  are  no  other  sources 
known  :*  hence  if  a  bar  of  steel  which  exhibits  permanent 

*  The  dry  electric  column  is  here  omitted. 
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magoetism  has  that  power  conferred  upon  it  by  the  influence 
of  electric  currents^  which  must  necessarily  be  as  durable  as 
the  ma^rnetic  action  itself,  to  which  of  these  sources  are  we  to 
look  for  the  supposed  actoating  currents?  Or  are  there  other 
sources  of  electric  currents  oi  which  we  are  yet  entirely 
ignorant  ?  But,  from  whatever  source  those  imaginary  cur- 
rents may  be  supposed  to  proceed,  that  source  must  necessarily 
be  situated  either  on  the  surface,  or  within  the  body,  of  the 
steel.  The  idea  of  electric  currents  being  excited  hj  friction 
amongst  the  particles  of  the  solid  metal,  is  too  absurd  to  be 
«itertained  for  a.  moment :  and  the  conditions  necessarily 
required  for  the  production  of  voltaic  currents,  are  no  where 
to  be  found  in  the  steel :  hence  our  enquiries  are  necessarily 
limited  to  thermal  excitation  alone. 

112.  That  thermo-electric  currents  are  producible  in  every 
piece  of  metal,  whether  pore  or  compound,  is  a  fact  which  I 
nave  proved  by  very  extensive  experiments,  some  years  ago.* 
But  it  must  be  understood  that  to  produce  an  electric  current 
by  any  means  whatever,  requires  a  co-existent  motion  in  some 
of  the  elements  employed  during  the  whole  time  the  current 
is  flowing :  unless  it  be  of  a  momentary  duration  only,  and 
the  effect  of  an  impulse,  in  which  case  the  current  may  con- 
tinue to  flow  for  a  short  time  subsequently  to  the  terminal 
exciting  impulse.  When  a  current  is  produced  by  an  electric 
machine,  the  glass  cylinder,  or  plate,  as  the  case  may  be,  is 
necessarily  kept  in  motion.  When  a  voltaic  combination  is 
the  electric  source,  the  liberated  elements  of  the  liquid  in  the 
battery  are  put  into  motion  and  become  vehicles  for  the  trans- 
portation of  the  electric  fluid  to  and  from  the  solid  parts  of 
the  arrangement:  and  a  thermo-electric  current  depends  upon 
the  motion  of  the  calorific  matter :  for  when  that  element  is 
perfectly  at  rest  in  the  combination,  the  electric  current  ceases 
to  flow. 

113.  From  the  above  considerations  it  appears,  that  a 
perpetual  propagation  of  therma  electric  currents  on  the  sur- 
fiEkce,  or  within  the  body,  of  a  steel  magnet  would  require  a 
perpetual  motion  of  caloric  within  its  mass :  which  motion^ 
unless  the  production  of  some  hidden,  mysterious,  and  unsus- 
pected agent  within  the  steel,  would  require  as  continual  an 
influx  and  efflux  of  the  calorific  element  from  and  to  the  sur- 
rounding medium.  Moreover,  the  laws  of  electro-magnetism 
require  that  the  direction  of  the  electric  currents  should  be 
at  right  aneles  to  the  axis  of  the  steel  bar ;  and  the  ingenious 
author  of  the  hypothesis  has  ventured  to  assert  that  their 
route  is  in  that  direction,  in  a  series  of  parallel  spirals  round 

*  Philosophical  Magazine  and  Annals  of  Philosophy,  vol.  z.  p.  1 . 
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its  surface.*  Such^  then,  are  the  necessary  conditions  upon 
which  Ampere's  hypothesis  essentially  depends ;  and  being 
now,  probably  for  the  first  time,  disrobed  of  their  mysterious 
habiliments,  I  must  necessarily  resign  the  glory  of  their  dis- 
covery  to  those  philosophers  wlio  still  entertain  the  idea  of 
their  existence  in  the  steel,  and  who  may  possibly  be  enabled 
to  penetrate  the  subject  still  deeper  than  I  have  investigated 
it.  But  before  I  quit  this  important  topic,  I  will  mention  a 
few  more  facts,  which  to  me,  have  appeared  of  some  conse-. 
quence,  and  can  hardly  fail  to  be  interesting  to  others  who 
may  be  induced  to  pursue  the  enquiry. 

1 14.     If  the  temperature  of  one  extremity  of  a  steel  bar  be 
elevated,  and,  by  that  process,  electric  currents  become  excited, 
those  currents  would  necessarily  be  more  powerftd  than  any. 
which  can  be  supposed  to  exist  in  the  metal  at  its  natural 
temperature :  and  if  the  other  extremity  of  the  steel  were  to 
be  heated,  and  again  thermo-electric  currents  be  produced  ia 
it,  these  lat^r  currents  would  be  propagated  in  the  opposite 
direction  to  the  former,  and  consequently  the  magnetic  forces 
which  they  brought  into  play  would  be  exerted  in  the  reverse 
order  to  those  which  the  first  currents  excited:  and .  these 
artificially  excited  electro-magnetic  forces  being  more  pawerftit 
than  any  which  the  supposed  natural  electric  currents  could 
produce,  they  would  predominate  over  these  latter,  aad  give 
new  energies  to  the  bar,  reversing  its  poles  inaccordaBce  with 
the  directions  of  the  currents;     But  on  making  the  experi-* 
ments,  and  carefully  examining  the  phenomena,  I  find  that 
no  such  corresponding  changes  have  taken  place  in  the  pelac 
forces  of  the  maenet :  and,  although  the  poles  themselves  are 
considerably  molested  during  the  unequal  temperature  of  the 
extremities  and  other  partes  of  the  magnet,  and  are  removed 
from  their  original  positions  by  the  heating  process,  they  do 
not  assume  those  positions  and  variations  of  force  which  the 
thermo-electric  current  would  necessarily  give  to  them,  were 
they  governed  by  no  other  infiuence  :t  hence  I  infer,  that 

*  Annales  de  Chimie  et  de  Physique,  t.  xv.:  and  Ampere's 
Recueil  des  Observations  Electrodynamiaues. 

+  At  the  time  this  memoir  was  first  drawn  up,  only  a  few  ex- 
periments  had  been  made  on  this  part  of  the  enquiry,  the  general 
results  being  such  as  are  described  in  the  text.  But,  whilst  writing 
a  fair  copy  for  the  press,  I  was  led  to  reconsider  this  part  of  the 
subject,  and  it  occurred  to  me,  that  by  pursuiner  the  experiments, 
some  results  might  probably  appear  which  would  be  interesting  in 
the  theory  of  terrestrial  magnetism.  I,  therefore,  resumed  the 
enquiry  and  have  been  led  to  some  novel  facts  which,  to  me,  have 
appeared  exceedingly  important,  by  throwing  a  new  light  on  the 
action  of  caloric  on  magnetism.  They  will  be  explained  in  the 
Third  Memoir. 
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ftermo-eleetric   currents   do  not  constitute  the  sustaining^ 

power  of  the  magnet. 

115.     I  next  subjected  a  steel  bar  magnet  to  the  influence 

of  electric  currents  proceeding  from  a  voltaic  pair  of  copper 

and  zinc.  The  voltaic  combination  was  of  the  cylindrical 
shape  and  size,  which,  as  is  well  known,  I  have  long  employed 
for  electro-magnetic  purposes,  the  zinc  being  surrounded  with 
brown  paper  or  calico,  to  prevent  contact  with  the  inside  of 
t^  copper ;  and  the  whole  placed  in  a  pint  porcelain  jar,  the 
exciting  liquid  being  a  solution  of  nitrous  acid  in  water.  The 
raaraet  which  I  employed  was  of  hard-cast  steel ; — cylindrical, 
and  about  6  inches  long,  and  f  of  an  inch  in  diameter.  It 
was  well  polished  on  an  emery  wheel,  and  of  considerable 
power.  It  would  lift,  by  one  of  its  poles,  a  piece  of  soft  iron 
of  its  own  weight.  .  A  piece  of  soft  iron  of  precisely  the  same 
figure  and  dimensions  as  the  magnet,  was  also  provided.  A 
single  heUx  of  copper  wire.  No.  13,  of  the  same  length  as  the 
magnet,  was  formcMi  on  a  hollow  pasteboard  cylinder,  of  suf- 
ficient width  for  the  easy  introduction  of  the  magnet  or  iron.' 
With  these  preparations,  and  a  compass-needle  furnished  with 
an  agate  cap,  and  supported  by  a  fine  steel  point,  the  experi- 

.iiients  were  carried  on  in  the  following  manner. 

116.  When  the  meridian  line  of  the  compass-box  had 
been  adjusted  parallel  to  the  needle  at  rest, 'the  helix  was 
placed  on  the  eastern  side  of  its  pivot,  with  its  axis  in  the 
same  horizontal  plane  as,  and  at  right  angles  to,  the  axis  of  the 
needle;  the  nearest  extremity  being  12  inches  from  the  needle's 
pivot  Fig.  9,  Plate  II,  is  a  representation  of  the  arrange- 
ment, where  C  is  the  compass-box,  H  the  helix,  and  B  the 
battery.  Before  the  battery  connexions  were  made  with  the 
helix,  the  magnet  was  introduced  to  the  interior  of  the  latter 
with  its  marked  end  nearest  to  the  needle,  consequently  at  12 
inches  distant  from  its  pivot.  The  south  end  of  the  needle 
was  drawn  towards  the  magnet  a  certain  number  of  degrees. 
and  this  deflection  being  noted,  the  magnet  was  taken  out  of 
the  helix,  and  replaced  again  with  its  poles  in  the  reverse 
order,  by  which  means  the  north  end  of  the  needle  was  drawn 
towards  the  magnet,  which  deflection  was  also  noted.  The 
magnet's  action  on  the  needle  being  thus  ascertained,  the 
electrical  force  of  the  battery  was  laid  on,  whilst  the  magnet 
was  in  the  helix ;  and  when  the  deflection  arising  from  this 
combined  force  had  been  ascertained,  the  battery  connexions 
were  reversed,  and  consequently  the  direction  of  the  current 
in  the  helix  was  reversed  also.  This  last  direction  of  the 
eurrent  gave  a  new  deflection  of  the  needle,  which,  after 
being   ascertained,   was   also  noted  down.     This  done,  the 
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mamet  was  reversed  in  the  helix ;  and  when  the  deflections 
of  the  needle  arising  from  the  current  traversing  the  helix  in 
each  direction  respectively  had  been  ascertained^  the  electric 
current  was  finally  cut  off,  and  the  deflecting  power  of  the 
magnet  alone  again  ascertained  in  the  same  manner  as  at 
first. 

117.  The  bar  of  soft  iron  was  next  placed  in  the  helix, 
and  the  electric  current  again  laid  on ;  and  when  the  deflection 
arising  from  the  polar  force  of  the  iron,  by  the  first  direction 
of  the  current,  had  been  ascertained,  the  battery  connexions 
were  reversed,  and  with  them,  of  course,  the  polarity  of  the 
iron  was  reversed  also.  The  new  deflection  was  noted  down, 
and  the  iron  finally  removed  from  the  helix.  The  deflecting 
power  of  the  current  alone,  when  no  iron  nor  maenet  was  in 
the  helix,  was  also  ascertained  at  different  times  during  these 
experiments  ;  two  sets  of  which  were  made  with  two  different 
batteries — the  former  by  an  old  battery,  and  the  latter  by  a 
new  one.  The  results,  with  all  the  necessary  particulars,  are 
arranged  in  the  following  tables : — 

First  Series  of  Experiments. 

Deflections  with  the  magnet  in  the  helix,  with  and  without . 
the  electric  current  from  the  old  battery:  and  magnet 
retouched,   ' 


Wllh  or  without    ^'?thlmJI!?i?^«llJ^.r*' 
the  current.            *»^  **J*  ttI?SJid£» 

North  or  South  «im1  of  the 

needle  drawn  towards 

the  magnet. 

Without      .     .     . 
Ditto 

Marked 
Unmarked 

Sooth 
North 

15- 

1 
9 

With      .... 
Carrent  roTened 

Marked 
ditto 

Sooth 
ditto 

17' 

7* 

8 

4 

With      .... 
Correot  reversed 

Unmarked 
ditto 

NorA 
ditto 

18- 
9* 

6 
6 

Magnet  alone  .    . 
Ditto 

Unmarked 
dittb 

North 
ditto 

18' 
12' 

7 
8 

118.  The  electro-magnetic  force  in  the  helix  alone,  by  this 
battery,  produced  no  perceptible  deflection  of  the  needle :  but 
when  the  soft  iron  was  placed  in  the  helix,  the  mean  of  seve- 
ral deflections,  with  the  currents  in  difierent  directions,  was 

1 19.  By  takbg  the  mean  of  the  deflections  3  and  5  in  the 
table,  which  are  those  obtained  whilst  the  electro-magnetic 
action  of  the  current  conspired  with  that  of  the  magnet,  and 
comparing  that  mean  (17'5'')  with  the  mean  of  the  c^flections 
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with  the  soft  iron  (17^)^  we  find  that  they  are  nearly  to  the 
same  extent.  And  by  comparing  these  again  with  deflections 
1  and  2,  which  are  due  to  the  magnet  alone,  we  discover  that 
a  current  which  is  incapable  of  exalting  the  original  deflect- 
ing power  of  the  magnet  2°^  is  yet  capable  of  raising  a  de- 
fleeting  power  in  soft  iron,  equal  to  the  whole  of  that  exhibited 
by  the  magnet,  even  when  aided  by  the  influence  of  the  cur- 
rent We  discover  also,  by  deflections  4  and  6^  that  the  same 
current,  when  exerted  in  opposition  to  the  energies  of  the 
maguet,  is  incapable  of  counteracting  more  than  one-half  the 
deflecting  power  of  the  latter.  And  we  learn,  by  comparing 
deflections  7  and  8,  which  are  those  due  to  the  magnet  after 
being  subjected  to  the  reverse  electro-magnetic  action  of  the 
corrent^  with  deflections  1  and  2,  that  the  same  electric  cur- 
rent, which  excited  so  great  a  power  in  soft  iron,  was  inca- 
pable of  reducing  the  permanent  action  of  the  magnet  more 
than  (me-fifth  of  that  which  it  originally  exhibited. 

Second  Series  of  Experiments. 

Defections  with  the  magnet  in  the  helix^  with  and 
without  the  electric  current,  with  the  new  battery ;  and 
magnet  retouched. 


Witk  or  without 
tbeeurroBt 

of  tbe  mftcmet  nearut 
tlMoaedle. 

North  or  South  «na  of  ihe 
the  magnet 

DeBeetiona. 

Withoat     .    .      1           Marked 
Ditto     .     .    .     .{          Unmuked 

Soath 
North 

20* 
19* 

1 
3 

With  current  .    .           Marked 
Ditto  reTereed.    .'          ditto 

South 
North 

25' 

8 

4 

Megaet  aloM  .    .           Ditto 
Ditto      ....         *  Unmarked 

Soath 
North 

9' 

6 

6 

Magnet  re-magnetized. 

Withont     .     .    . 
Ditto      .    .    .    . 

Marked 
Unmarked 

Soath 
North 

1   91- 
3f 

7 

8 

With  cnrrent  .    . 
Ditto  revened.    . 

Unmarked 
Ditto 

Ditto 
Soath 

1    27- 
1      3- 

9 
10 

Magnet  alone .    . 
Ditto      .    .    .    . 

Ditto 
Marked 

North 
Soath 

1      »• 
1    10- 

11 
13 

With  this  battery  the  soft  iron  gave  a  deflection  of  18°; 
and  the  current  alone,  without  either  magnet  or  iron  in  the 
heUx,  about  V. 

120.  In  this  second  series  of  experiments  there  is  displayed 
a  manifest  superiority  of  electro-magnetic  action  over  that 
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shown  by  the  old  battery;  but  although  deflections  4  and  10, 
show  that  the  electro-magnetic  action  completely  counter- 
balanced the  deflecting  force  of  the  steel  magnet,  deflections 
5,  6,  11,  and  12,  as  obviously  demonstrate  that  the  original 
magnetic  power  was  very  far  from  being  annihilated,  and  that, 
notwithstanding  the  vigorous  electric  current  to  which  the  bar 
had  been  subjected,  the  latter  retained  about  one  half  of  its 
original  power,  which  that  current  was  unable  to  subdue. 
Indeed  it  appears  from  both  series  of  experiments  that  a 
great  portion  of  the  electro-magnetism  of  the  helix  operates 
merely  on  the  disposable  part  of  the  magnet's  force,  and 
diverts  it  from  its  original  direction,  in  the  same  manner  as 
soft  iron,  or  other  magnets  would  do ;  and  the  electro-mag- 
netic force  thus  engaged,  is  prevented  from  assisting  the  other 
portion  in  conferring  permanent  effects  on  the  steel.  When 
the  constraining  electro-magnetic  force  is  removed,  the  liber- 
ated disposable  force  of  the  magnet  with  which  the  former 
had  been  engaged,  again  resumes  its  original  direction,  and 
gives  the  needle  a  new  deflection,  in  the  same  direction^ 
though  not  to  the  same  extent  as  at  first  (Deflections  5,  6, 
11,  12.). 

121.  I  am  not  aware  that  any  one  would  venture  to  assert 
that  electric  currents,  more  powerful  than  those  employed  in 
these  experiments,  still  existed  in  the  steel:  and  if  not,  to 
what  cause  are  we  to  allude  the  retained  magnetic  force? 
There  must  be  some  agent  in  operation  which  still  sustains 
the  polar  action,  and  resists  the  energies  of  the  assailing 
electric  current.  That  agent  cannot  be  electricity,  or  it  would 
have  besn  subdued  by  the  counteraction  of  a  superior  electric 
force ;  it  must,  therefore,  be  admitted,  that  some  other  phy- 
sical agenty  perfectly  distinct  from  the  electric>  presidefs  over 
the  polar  forces  of  the  steel  magnet. 

122.  I  am  well  aware  that,  had  the  electro-magnetic  force 
of  the  current  been  more  powerful,  the  magnetic  forces  of  the 
steel  would  have  suffered  to  a  greater  extent;  and  it  is  possible 
that  an  electro-magnetic  force  might  be  employed  of  sUfflcient 
extent  to  completely  annihilate  the  original  polarity  of  the 
steel,  or  even  reverse  its  polar  action;  but  I  should  wish  it  to 
be  understood,  that  to  accomplish  such  an  effect,  the  electric 
current  employed  must  be  very  powerful  indeed :  and  whatever 
extent  of  polarity  might  be  exhibited  by  the  steel  after  the 
removal  of  the  exciting  electro-magnetic  force,  the  retention 
of  that  polarity  could  not  be  supposed  to  depend  upon  that 
absent  exciter,  any  more  than  the  polarity  of  this,  or  any 
other  piece  of  steel,  could  be  supposed  to  be  sustained  by  the 
absent  magnet  which  first  excited  it:  and  our  present  know* 
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ledge  of  electro-dynamics  does  not  permit  us  to  indulge  in  the 
idea  that  any  sustaining  electric  currents  remain  in  the  steel. 
123.  We  have  seen  by  the  preceding  experiments,  that 
the  power  of  the  magnet  was  considerably  lessened  by  the 
action  of  the  electro-magnetic  force  in  the  helix;  but  it  must 
be  observed  that  the  latter  force  had  no  sttstaining  power  to 
contend  with,  excepting  that  exercised  by  the  retention  of 
the  steel:  but  if  the  magnet  be  placed  under  the  influence  of 
a  sustaining  magnetic  force  during  the  time  it  is  assailed  by 
the  electro-magnetism  of  the  helix,  it  will  be  found  that  the 
latter  is  too  impotent  to  make  any  other  than  a  very  slight 
pennanent  impression  on  the  original  power  of  the  steel  mag« 
w^;  and,  under  some  circumstances,  not  the  slightest  impres- 
sion is  accomplished.  To  prove  this  feet,  I  place  the  marked 
end  of  a  magnetic  bar,  seventeen  inches  long,  in  contact  with 
the  unmarked  end  of  the  six  inch  cylindrical  magnet  whilst 
placed  in  the  helix,  the  marked  end  of  the  latter  being  nearest 
to  the  needle,  as  represented  by  fig.  10,  Plate  II.  I  now  trans- 
tnit  the  electric  current  through  the  helix,  in  a  direction  which 
tends  to  neutralize  the  magnetism  of  the  inclosed  bar.  The 
current  is  continued  for  more  than  a  minute,  after  which  it  is 
removed,  and  as  speedily  as  possible,  the  long  sustaining  mag- 
net is  removed  also.  This  done,  the  deflecting  power  of  the 
cylindric  magnet  is  again  ascertained.  The  following  table 
shows  the  results. 

Third  Series  op  Experiments. 

Deletions  with  the  magnet  in  the  helix,  with  or  without 
the  electric  current,  from  a  new  battery. 


wtu.  ^  ^•k.n.*  #K-     Marked  or  unmarked  pole 
2.^            L         .ofthemagnetnearwtU) 

N.  or  S.  end  of  the 
needle  attracted. 

Without  the    current         Uomaiked 
DiHo Mtrk«d 

North 
South 

2r 

3I* 

Ditto 

Ditto                 ^ 
lUfltainingmag-  \ 
net  attached,   3 

Ditto 

65" 

With    the    current  1 
tending  to  nentmlize  > 
tbemagnet    .     .     -3 

Ditto 

Ditto 

59' 

Correat  and  sostain-  i 
ing  magnet  remored  J 

Mailed 
Unmarked 

Ditto 
North 

96* 
94- 

124.  I  next  place  the  cylindrical  magnet  under  the  influence 
of  two  sustaining  magnetic  bars,  each  17  inches  long;  sub- 
taitting  it,  at  the  same  time,  to  the  action  of  an  electric  cur- 
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rent,  tending  to  neutralize  it.     The  arrangement  is  repre- 
sented by  fig.  1 1,  and  the  results  were  as  follows : — 

Fourth  Series  of  Experiments. 

Mean  deflection  of 

both  poles  of  tta« 

Needle. 

Before  the  magnet  was  subjected  to  the  action 

of  the  current 30* 

After  the  magnet  had  been  subjected  to  a  cur- 
rent tending  to  neutralize  it  .         .        31* 

125.  When  under  the  sustaining  force  of  two  magnets,  we 
find  that  the  electric  current  makes  no  impression  on  the 
small  magnet  on  which  it  operated.  The  trifling  power  which 
the  magnet  gained  during  the  experiment,  was  obviously  due 
to  the  influence  of  the  bars  between  which  it  was  placed.  The 
additional  power  given  to  the  intervening  magnet,  by  this 
means  is,  however,  but  very  small,  never  amounting  to  more 
than  2®  of  deflection,  as  I  have  ascertained  by  several  expe- 
riments, by  permitting  the  cylindrical  magnet  to  remain  be- 
tween the  poles  of  the  two  large  ones,  as  in  fig.  11,  for  two 
minutes  in  each  experiment ;  which  is  a  much  longer  time 
than  it  remained  under  the  same  influence  after  the  removal 
of  the  electric  current  in  the  preceding  experiments.  Hence, 
since  a  sustaining  magnetic  force  may  be  employed  to  any  re- 
quired extent,  the  obvious  inference  is  this.  JVb  electric 
current^  hov^ever  powerful^  is  capable  of  impairing  the 
powers  of  a  hard  steel  magnet^  whilst  the  tatter  is  under  the 
protecting  influence  of  a  proper  purely  magnetic  force. 

126.  Having  ascertained  that  the  sustaining  magnetic 
force  does  not  operate  as  an  exciting  power  (125),  I  was  led 
to  suppose  that  the  power  of  the  protected  magnet  is  sus- 
tiuned  by  the  mutual  attractions  of  its  own  disposable  forces 
(105,  note)  and  those  of  the  sustaining  magnets:  the  north 
and  south  polar  forces  engaging  with  each  other  too  intimately 
to  be  disunited  by  the  assailing  electro-magnetism  in  the 
helix.  This  view  of  the  nature  of  the  action  led  me  to  try 
soft  iron  as  a  means  of  sustaining  the  power  of  the  magnet, 
whilst  the  latter  was  subjected  to  the  action  of  an  electric 
current,  considering  that  a  portion  of  the  disposable  force  of 
the  magnet  would  be  employed  by  the  iron,  and  thus  be  pro- 
tected from  the  assailing  electro-magnetic  force  ;  but  it  was 
found  by  the  experiments  about  to  be  described,  that  soft 
iron  aflbrds  no  protection  whatever  to  the  magnet  when 
assailed  by  a  converse  electro-magnetic  force:  but  on  the 
contrary,  the  iron  facilitates  the  subduction  of  the  original 
powers  of  the  steel  magnet. 
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127.  The  experiments  were  made  by  placing  the  cylin- 
drical magnet  in  the  helix^  and  ascertaining  its  deflecting 
power  on  the  needle  at  the  original  distance  of  12  inches. 
llien  placing  in  contact  with  its  remote  pole  a  cylindrical  bar 
of  soft  iron,  6  inches  long  and  about  an  inch  in  diameter.  An 
additional  deflecting  force  is  thus  given  to  the  magnet,  which 
deflection  is  also  noted  down.  Another  bar  of  soft  iron>  3| 
inches  long,  and  about  the  same  thickness  as  the  former,  was 
next  placed  in  contact  with  that  pole  of  the  magnet  nearest  to 
the  needle,  and  the  new  deflection  thus  given  to  the  needle 
also  noted  down.  This  done,  the  electric  current  from  a  new 
battery  was  transmitted  through  the  helix,  whose  magnetic 

powers  were  opposed  to  the  powers  of  the  enclosed  magnet 

rbe  following  table  shows  the  results : — 

Fifth  Series  of  Experiments. 

Defections  with  the  magnet  in  the  helix,  with  and  with- 
out the  soft  iron  and  electric  current  from  a  new  battery. 


Witk  or  wHhottt  the  aofliroii 
■ad  elActric  current. 

Marked  or  un- 
marked end  near- 
est to  the  needle. 

N.  or  S.  end 
of  needle 
attracted 

DeOectioiia. 

Witfaovt  cBrrent  or  iron      .    .     .     . 

Marked. 

Sonth 

30* 

1 
2 
3 
4 
5 

WiUi  the  iiTger  piece  of  iron  .     .     . 

ditto 

ditto 

42- 

With  bo«]i  pieces  of  iron     .     .     .     . 

ditto 

ditto 

'66- 

Do.  witk  n  conTene  electric  current 

ditto 

North 

40«then  19* 

Correni  cot  off,  bat  iron  remaining 

ditto 

South 

26" 

Mtgnet  alone 

ditto 

ditto 

W 

6 

12S.  The  principal  circumstances  to  be  noticed,  in  these 
experiments^  are  the  singular  changes  of  polarity  by  the  soft 
iron^  and  the  final  subduction  of  a  great  portion  of  the  force 
of  the  magnet.  By  deflection  4  we  see  a  transposition  of 
polarity  by  the  action  of  the  current.  The  new  deflection 
thus  given  to  the  needle  at  first  rose  to  40'',  but  gradually  sank 
down  to  19°,  where  it  remained  permanent  for  some  time. 
This  reduction  of  the  deflection  was,  of  course,  dependent  on 
a  reduction  of  polar  energy  in  the  nearest  piece  of  iron :  and 
as  the  polarity  of  the  iron  depended  on  the  polar  condition  of 
the  magnet,  we  learn  that  the  transient  transposition  of  its 
polarity  is  accomplished  to  the  greatest  extent,  immediately 
after  the  current  has  got  into  full  play,  and  that  it  gradually 
subsides  for  about  one  minute  afterwards,  at  which  time  it  has 
arrived  at  its  minimum.  These  versatilities  in  the  polar  action 
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of  the  magnet  are  observable  in  all  cases  when  it  is  subjected 
to  a  converse  electro-magnetic  action^  whether  there  be  any 
iron  attached  to  its  poles  or  not^  though  without  iron  they  are 
not  so  great  as  when  that  metal  is  present.  They  are  exceed- 
ingly curicMiSy  and  are  involved  in  a  theoretical  principle, 
which  it  is  not  necessary  to  enter  into  at  present.  By  com- 
paring deflections  I  and  6  we  find  that  the  magnet  has  lost  a 
eonsiderable  portion  of  its  power,  which  portion  is  greater  by 
6"^  or  8°  than  that  usually  lost  when  no  iron  is  present,  all  other 
circumstances  being  the  same ;  which  shows  that  the  attach- 
ment of  the  iron  to  its  poles  facilitates  the  subduction  of  the 
original  powers  of  the  magnet.  See  also  the  first  and  second 
series  of  experiments. 

129.  I  had  next  recourse  to  the  reverse  process  of  that 
which  was  pursued  in  the  last  experiment.  I  placed  the  soft 
iron  cylinder  in  the  helix,  and  attached  one  pole  of  the  cylin- 
drical steel  magnet  to  that  extremity  of  it  which  was  nearest 
to  the  needle ;  and  whilst  thus  arranged,  an  electric  current 
was  transmitted  through  the  helix.  The  distance  between 
the  pivot  of  the  needle  and  nearest  pole  of  the  magnet  was  12 
inches.     The  following  results  were  obtained : — 

Sixth  Series  of  Experiments. 

Deflections. 
Magnet  alone,  prior  to  being  placed  in  the 
arrangement  ....         38** 

'  Magnet  attached  to  the  iron  bar,  the  latter 

being  under  the  influence  of  the  current     .         45° 
Magnet  alone,  after  the  iron  and  current  were 
removed     .....         38° 

The  mametism  of  the  soft  iron  left  no  additional  permanent 
power  on  the  steel  magnet. 

130.  Having  ascertained  that  an  electric  current  is 
capable  of  subduing  a  considerable  portion  of  the  original 
power  of  an  unprotected  steel  magnet  (119,  120),  it  became 
an  enquiry  of  some  interest  to  ascertain  whether  or  not  the 
same  current,  with  the  magnet  reversed  in  the  helix,  was  capa- 
ble of  restoring  the  power  which  it  had  previously  subdued. 
For  this  purpose,  the  cylindrical  steel  magnet  was  retouched ; 
and  after  its  deflecting  power,  at  the  distance  of  eight  inches, 
had  been  ascertained,  it  was  subjected  to  the  action  of  an 
electric  current  firom  a  perfectly  new  battery,  whose  copper 
exposed  about  a  square  foot  of  surface,  with  a  proportionate 
rolled  zinc  cylinder  inside.  The  battery  was  made^  exceed- 
ingly aqtive  by  a  solution  of  nitro-sulphuric  acid.  The 
following  table  shows  the  results. 
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Seventh  Series  of  Experiments. 

Magnet  alonc^  previous  to  its  exposure  to  the  current  39"* 

Ditto        after  being  exposed  to  a  converse  current  21** 

Ditto         after  being  exposed  to  a  direct  current  25* 

Ditto        after  a  second  exposure  to  ditto       •       .  26* 

Ditto*        after  several  other  exposures  to  ditto       .  26** 

131.  From  this  series  of  experiments,  we  learn  that  the 
active  electric  current  here  employed  was  incapable  of  re- 
storing \  of  that  portion  of  the  deflecting  force,  of  a  newly 
magnetized  hard  steel  bar,  which  it  was  previously  enabled  to 
subdue,  although  as  powerftil  during  the  one  process  as  during 
the  other.  This  exceedingly  curious  id^t  I  have  found  in  the 
results  of  several  other  experiments,  and  with  batteries  of 
different  powers.  But  the  same  law  does  not  hold  good,  un- 
less the  magnet  has  been  magnetized  to  a  high  degree  pre- 
viously to  its  bemg  subject^  to  the  electric  currents ;  nc»r, 
perhaps,  will  it  be  found  generally  exact,  even  under  Uiese 
circumstances,  although  I  have  not  met  with  any  results  in 
direct  contradiction  to  it.  And  although  the  ratio  of  the 
subdued  and  restored  force  may  vary,  I  have  cause  to  believe 
that  in  no  case  will  the  restored  force  be  more  than  one-half 
of  that  which  had  been  subdued  by  the  same  current,  when 
the  magnet  employed  is  hard  cast  steel,  and  not  below  the 
dimensions  of  that  which  I  have  described  (115):  and  the 
voltaic  plates  of  proportional  magnitude. 

132.  Another  interesting  fact  presented  itself  by  neutral- 
izing the  cylindrical  steel  bar,  and  afterwards  magnetizing  it 
by  the  electro-magnetic  action  in  the  helix,  whilst  the  latter 
was  transmitting  a  copious  and  active  current  from  the  battery 
last  described  (129),  furnished  with  a  new  zinc.  The  deflect- 
ing power  which  the  steel  acquires,  by  this  process,  is  about 
one-half  of  that  which  it  exhibits  by  means  of  ordinary  mag- 
netic excitation.  I  have  doubled  and  trebled  the  coil  in  the 
helix,  but  in  no  case  has  the  magnetic  power  of  the  steel  in- 
creased above  that  I  have  just  mentioned.  The  facts  developed 
by  these  experiments,  are  partly  attributable  to  the  magnetic 
force  receivmg  different  forms  of  distribution  by  the  magnetic 
^nd  electric  processes  of  excitement ;  though  principally  from 
an  absolute  incapacity  in  the  latter  c^  bringing  forth  those  in- 
tense magnetic  forces  which  hard  steel  is  susceptible  of  dis- 
playing. There  seems,  indeed,  to  be  a  vigorous  tension  in 
the  magnetism  of  hard  steel,  which  that  of  electric  currents 
cannot  compete  with  in  vanquishing  those  formidable  resist- 
ing forces  presented  by  hard  ferruginous  bodies,  whilst  under- 
gomg  the  magnetizing  process.    Even  the  magnetism  of  soft 
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iron,  when  brought  into  play  by  electric  currents,  though 
much  more  abundant  in  quantity,  is  of  far  lower  tension  than 
that  of  hard  steel.  This  curious  fact  maybe  shown  by  experi- 
ments with  two  horse-shoe  magnets ;  one  of  which  shall  be 
soft  iron,  brought  into  play  by  electric  currents,  and  the  other 
a  perinanent  one  of  hard  steel.  When  the  cross  pieces  of 
both  magnets  are  of  soft  iron,  the  iron  magnet  will  nave  the 
greatest  lifting  power ;  but  when  both  cross  pieces  are  of  hard 
steel,  the  steel  magnet  will  have  the  greatest :  and  this  is  the 
case  even  when  the  power  of  the  iron  magnet  (with  soft  iron 
cross  pieces)  exceeds  the  other  to  a  considerable  extent. 

133.  There  is  a  remarkable  phenomenon  observed  whilst 
magnetizing  hard  steel  by  electric  currents.  The  deflecting 
power  of  the  steel  is  much  greater  whilst  under  the  dominion 
of  the  current  than  after  the  latter  is  cut  off.  Now,  as  the 
helix  alone  exhibits  no  action  on  the  needle  (118,  119),  the 
experiment  shows  that  there  is  a  temporary  disposable  force 
excited  even  in  hard  steel,  which  that  metal  does  not  exhibit 
when  the  exciting  cause  is  removed.  This  fact  probably 
arises  from  a  new  distribution,  rather  than  from  an  absolute 
loss  of  the  magnetism  first  excited  by  the  current. 

134.  Having  ascertained  that  the  existence  of  electric 
currents  is  nowhere  to  be  found  in  permanent  steel  magnets, 
(114)  and  also  demonstrated  the  inadequacy  of  electric  ex- 
citement to  the  production  of  that  extent  of  magnetic  energy 
in  hard  steel,  which  is  susceptible  of  development  by  the 
ordinary  process  of  magnetization  (131),  it  may  now  be  in- 
teresting to  inquire  how  far  the  doctrine  of  systems  of  elec- 
tric currents  is  susceptible  of  application  in  explaining  the 
phenomena  exhibited  by  permanent  steel  magnets. 

135.  Let  N  and  N',  fig.  12.  represent  transverse  sections 
of  two  cylindrical  systems  of  electric  currents,  both  of  which 
are  flowing  in  the  same  direction,  as  represented  by  the  arrows: 
and  let  these  cylinders  be  prolonged  parallel  to  each  other  to 
any  required  distance  behind  the  paper.  Now,  because  of 
the  electric  currents  on  the  adjacent  sides  of  these  cylinders 
running  in  opposite  directions,  in  every  pair  of  parallel  sec- 
tions, similar  to  those  represented  on  the  paper,  those  cylinders 
will  exhibit  a  repulsion  for  each  other  throughout  their  whole 
length,  or  from  end  to  end,  according  to  the  principles  of 
electro-magnetism.  Let,  now,  the  remote  extremity  of  the 
cylinder  N'  be  turned  towards  the  spectator,  permitting  the 
cylinder  N  to  remain  unmolested.  Under  these  circumstances, 
the  same  extremities  N,  and  N',  of  the  two  cylinders  whose 
adjacent  currents,  in  the  former  case,  flowed  in  opposite 
directions,  will  now  flow  in  the  same  direction^  as  may  be 
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understood  by  looking  at  fig.  13:  and  consequ^itljr  those 
extremities  will  attract  each  other.  Again^  let  the  arrows  in 
fig.  14  represent  the  directions  of  two  cylindrical  systems  of 
electric  currents  placed  at  right  angles  to  each  other^  as  C 
and  C,  'llie  adjacent  portions  of  these  currents  flow  in  the 
bame  direction,  and  consequently  will  attract  each  other. 
Now  place  the  electro-magnetic  system  C^  in  either  of  the 
positions  represented  by  tig.  1.5,  and  it  is  seen  that  the 
adjacent  currents  in  C  and  C  now  flow  in  opposite  directions^ 
and  will  consequently  repel  each  other. 

136.  From  the  above  illustrations  we  learn  that  the  ez- 
tiemities  of  two  systems  of  electric  currents  will  either  attract 
or  repel  each  oU^r,  according  to  the  positions  in  which  they 
are  placed^  and  that  they  do  not  exhibit  any  specific  polarity 
in  the  manner  of  ferruginous  magnets^  whose  attractions  and 
repulsions  have  no  dependence  whatever  upon  the  positions 
in  which  their  extremities  are  placed  with  respect  to  each 
other,  bat  are  invariably  referrible  to  their  specific  polar 
character.  There  is,  indeed,  a  striking  distinction  in  the 
distribution  of  the  magnetic  force  of  steel  bars,  and  that 
exhibited  by  electric  conducting  wires,  whether  the  latter  be 
in  a  simple  strand^  or  coiled  into  any  particular  fitshion.  A 
conducting  wire  formed  into  a  hollow  helix  disfdays  but  very 
little  polarity  exteriorly,  in  the  direction  of  it«  axis  (1 18, 1 19,), 
because  of  the  inner  and  outer  sides  of  the  coil  exerting  their 
magnetic  forces  in  opposite  directions :  but  with  hollow  steel 
magnets,  the  polar  forces  of  each  individual  extremity  con- 
spire with  each  other,  and  operate  in  concert  upon  vicinal 
ferruginous  matter,  whether  previously  polarized  or  otherwise ; 
and  in  precisely  the  same  manner  as  such  matter  is  operated 
on  by  solid  magQets.  Hence  it  is,  that  a  polarized  needle, 
or  small  bar,  freely  suspended,  with  its  centre  in  the  equatorial 
plane  of  a  hollow  steel  magnet^  whether  inside  or  outside  of 
the  tube,  will  invariably  assume  one  and  the  same  direction : 
whereas  a  similarly  suspended  needle,  with  reference  to,  and 
under  the  influence  of,  a  hollow  system  of  electric  currents, 
would  assume  one  direction  when  within,  and  the  opposite 
direction  when  without,  the  system :  and  as  this  pecuharity 
of  magnetic  arrangement  would  attend  every  system  of  electric 
currents  that  can  possibly  be  formed,  it  is  just  to  infer  that 
the  distribution  of  force  displayed  by  steel  magnets,  or  by 
loadstone,  cannot  be  imitated  by  any  system  of  electric  cur- 
rents whatever:  and  vice  versd,  the  exquisitely  uniform 
arrangements  of  enveloping  magnetic  action,  so  beautifully 
displayed  around  eleqtric  currents,  appear  to  be  totally 
inimitable  by  any  known  forms  of  »^rruginou8  magnetic 
bodies. 
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137.  It  would  be  an  almost  endless  task  to  examine  every 
feet  that  might  be  brought  to  bear,  directly,  or  indirectly,  on 
the  subject  of  this  investigation.  I  have  not  dwelt  on  electro- 
magnetism  to  the  extent  1  would  have  done,  had  my  theoreti- 
cal views  on  that  department  of  electricity  not  been  already 
before  the  public,  although  I  have  cited  those  electro- mag- 
netic phenomena  which  appear  to  be  the  most  important  in  the 
present  discussion.  In  other  departments  of  electricity  I 
have  enumerated  such  fects  as  have  appeared  necessary  to 
collate  with  purely  magnetic  phenomena ;  and  having  dis- 
cussed them  individually  as  I  have  proceeded,  a  retrospection 
would  be  needless  in  this  place.  The  inference  to  be  drawn 
from  the  investigation  of  the^oc^^  alone,  appears  to  me  to 
admit  neither  of  doubt  nor  equivocation ;  and  may  be  thus 
briefly  stated :  There  are  no  facts  on  record  which  demon- 
strate an  identity  in  electricity  and  magnetism  ;  but^  on  the 
contrary^  there  are  many  phenomena  which  justify  the  idea 
of  their  being  perfectly  distinct  powers  of  nature. 


IV.  On  the  use  of  Slectro-magnets  made ^  iron  wire  for 
the  Ele^tro-magnetio  engine.  By  J.  F.  Joule,  fisQ. 
Communicated  %n  a  letter  to  the  Editor. 

Salford,  March  27, 1899. 
Dear  Sir, 
In  my  ladt  letter  I  gave  you  an  account  of  some  experiments 
which  were  intended  to  prove  that  electro-magnets  made  of 
iron  wire  are  the  most  suitable  for  the  electro-magnetic  engine. 
In  those  experiments  round  wire  was  used, — and  it  was  my 
opinion,  that  the  wire  magnets  were  put  in  a  disadvantageous 

r>sition,  in  consequence  of  the  interstices  between  the  wires, 
have  since  confirmed  my  views  on  this  subject  by  the  fol- 
lowing experiment : 

I  constructed  two  magnets.  The  first  consisted  of  16 
pieees  of  square  iron  wire,  each  tV  inch  thick,  and  7  inches 
wngy  bound  very  tightly  together  so  as  to  fonn  a  solid  mass, 
whose  transverse  section  was  tV  inch  square;  it  was  then 
enveloped  by  a  ribbon  of  cottcm  and  wound  with  16  feet  of 
oov^ed  ci^per  wire,  of  Vf  inch  diameter.  The  second  was 
made  of  scilid  iron,  and  was  in  every  other  respect  (U'ecisely 
like  the  first.  These  magnets  were  fitted  to  the  apparatus 
used  in  my  former  experiments,  and  care  was  taken  to  make 
the  friction  of  the  pivots  equal  in  each.  The  mean  of  several 
experiments  gave  162  revolutions  per  minute  for  the  firot, 
and  130  for  the  second  magnet. 
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In  the  further  prosecution  of  my  enquiries^  I  took  6  pieces 
of  round  iron  of  oifferent  diameters  ana  lengths,  and  1  piece 
of  hollow  round  iron^  xV  of  an  inch  thick ;  these  were  bent 
into  the  U  form,  so  that  the  shortest  distance  between  the 
poles  of  each,  was  half  an  inch ;  each  was  then  wound  (with 
the  usual  precautions  to  ensure  insulation),  with  10  feet  of 
covered  copper  wire,  Vtf  inch  in  diameter.     The  lengths  and 
diameters  are  given  in  the  table.  No.  1  is  the  hollow  magnet. 
The  attraction  was  ascertained  by  suspending  a  straight  steel 
magnet,  1^  inch  in  length,  horizontally  to  the  beam  of  a  ba- 
lance, and  bringing  the  several  magnets  directly  underneath 
at  the  distance  of  half  an  inch,  which  was  preserved  by  the 
int^position  of  a  piece  of  wood.     Care  was  taken  that  the 
Uttery  remained  constant  during  the  experiment. 

No.  1.  No.  2.   No.  3.  No.  4.  No.  6.  No.  6.    No.  7. 
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51 

50 

41 
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A  steel  magnet  of  such  dimensions  as  enabled  me  to  com- 
pare it  fairly  with  the  rest,  excited  in  the  same  circumstances 
an  attractive  power  equal  to  23  grains,  while  at  the  same  time 
its  lifting  power  was  only  60  oz. 

These  results  will  not  appear  surprising  if  we  consider,  firsts 
the  resistance  which  iron  presents  to  the  induction  of  mag- 
netism :  and,  secondly,  how  very  much  the  power  of  iron  to 
conduct  magnetisp  is  exited  solely  by  the  completion  of  the^ 
ferruginous  circuit.  In  order,  however,  to  exjuain  why  tha 
long  electro-magnets  have  a  greater  attracting  power,  and  lift 
less  weight,  than  the  short  magnets  of  th^  same  diameter,  it 
will  be  necessary  to  observe  that  it  was  impossible  to  wrap  the 
whole  10  feet  of  wire  on  the  smaller  magnets,  without  dis- 
posing it  in  two  or  evcQ  three  lavers  (according  to  the  size  of 
the  magnets):  this  is  a  great  disadvantage,  and  one  might 
anticipate  in  consequence  that  the  power  of  the  long  magnets 
should  be  greater  than  that  of  the  short  for  lifting  as  well  as 
for  attraction,  contrary  to  the  results  in  the  table ;  this,  how- 
ever, may  be  explained,  if  we  a4mit  that  the  comparative 
resistance  of  the  iron  of  the  electro- magnet  increases  to  a  very 
great  amount,  when  its  magnetism  i9  so  greatly  excited  by  the 
contact  of  the  armature. 
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Nothing  can  be  more  striking  than  the  difference  of  the 
ratios  of  lifting  to  attractive  power,  in  different  magnets; 
whilst  the  steel  magnet  attracts  with  the  force  of  23  grains 
and  lifts  60  oz.,  No.  3  attracts  5*  1  grains  and  lifts  92  oz. 

Here  are  some  very  general  directions  for  making  electro- 
magnets for  lifting.  Ist.  The  magnet,  if  of  considerable 
bulk,  should  be  compound ;  and  the  iron  used,  of  good  quality 
and  well  annealed.  2d.  The  bulk  of  the  iron  should  bear  a 
much  greater  ratio  to  its  length  than  is  generally  the  case. 
3d.  The  poles  should  be  gi'ound  quite  true,  and  fit  flatly  and 
nccurately  to  the  armature.  4th.  The  armature  should  be 
equal  in  thickness  to  the  iron  in  the  magnet. 

I  shall  now  proceed  to  consider  with  greater  care,  what  form 
of  electro-magnet  is  best  for  distant  attraction,  as  that  is  the 
only  force  of  any  use  in  the  electro-magnetic  engine.  Here 
two  things  must  be  considered — the  length  of  the  iron,  and 
its  sectional  area. 

Now  with  regard  to  the  length  of  the  iron,  I  have  found 
that  its  increase  is  always  accompanied  with  disadvantage^ 
unless  the  wire  is  (by  using  a  shorter  length)  forced  to  too 
great  a  distance  from  the  iron.  In  making  magnets  for  the 
engine  it  will  be  proper  to  use  a  length  less  than  that  which 
gives  the  maximum  of  attraction,  on  several  accounts. 

The  next  thing  to  be  considered  is  the  secticmal  area. 
You  have  shown,*  that  on  placing  a  hollow  and  solid 
cylinder  of  iron  successively  within  the  same  electro-magnetie 
coil,  the  hollow  niece  exerted  the  greatest  influence  on  the 
needle.  I  wishea  to  ascertain  whether  a  hollow  magnet 
might  be  represented  by  a  solid  one  whose  sectional  area  and 
circumference  is  the  same,  and  whose  thickness  is  twice  as 
great  as  that  of  the  hollow  magnet.  Fig.  12  and  13  Plate  I. 
will  show  more  clearly  what  I  mean:  they  represent  sections 
of  a  hollow  and  a  rectangular  magnet,  and  it  will  be  seen  that 
if  either  of  them  is  divided  at  the  dotted  lines,  the  separate 

?ieces  when  put  properly  together,  will  make  up  the  other. 
Vo  electro-magnets  were  constructed,  each  7  inches  long, 
and  covered  with  22  feet  of  covered  copper  wire  tV  i^ich  in 
diameter;  the  sections  were  precisely  similar,  but  double  the 
size  of  those  in  the  figures.  Here  is  their  actual  attraction, 
at  half  an  inch  distance,  for  the  proper  pole  of  a  straight 
steel  magnet. 

Hollow  magnets.    Solid  magrnets. 

Attraction  in  grains  ....    1-9  17 

With  a  more  power- 
ful battery    .......    45  4-0 

*  See  the  very  interesting  reBearches  at  pa^e  470,  VoL  I. 
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It  is  erident  from  this  that  the  hollow  magnet  has  the 
greatest  attractive  force,  but  I  do  not  think  that  the  difference 
is  so  great  as  to  counterbalance  the  many  advantages  which 
the  solid  magnet  would  give,  if  used  in  the  engine.  I  shall 
therefore  first  relate  a  rather  important  experiment ;  and  se- 
condly make  an  attempt  to  determine  the  sectional  area  of 
solid  iron  most  proper  for  different  powers  of  battery. 

I  made  five  straight  magnets  of  square  iron  wire  tt  inch 
thick:  each  was  7  inches  long  and  wound  with  22  feet  of 
covered  copper  wire  ,-V  inch  in  diameter.  No.  1  consisted  of 
9;  No.  2  of  16;  No.  3  of  25;  No.  4  of  36;  and  No.  5  of  49 
wires ;  arranged  in  the  form  of  a  prism  with  square  base  and 
sectioiis.  Five  other  magnets  were  made  of  solid  iron^  but 
10  erery  other  respect  exactly  similar  to  the  first  Here  are 
the  attracting  powers  (at  half  an  inch)  for  a  straight  steel 
magnet^  with  three  different  galvanic  forces. 

r  Attraction  of  ir(m 

!«♦  1?^  3  ^^^^^  in  grains 
181  r-x.  -^  Ditto  of  wire  mag 

f  net 


9A  T?^   S^^°  magnet. 
^  ^^- ^  Wire  ditto.  . 


^rl  1?^  S  I^n  magnet. 
^^  ^^  I  Wire  ditto.  . 


No.l. 

No.  3. 

No.  3.  No.  4.  No.  6. 

1-5 

1-9 

1-6    21    2-0 

21 

21 

1-7    20    1-9 

20 
2-6 

2-5 

2-8 

2-35  2-45  2.2 
21    2.2    2.05 

2-7 
3-3 

3-6 

3-8 

3-4  3-2  31 
30    2-9    2-65 

The  wire  used  in  these  magnets  was  taken  at  the  same  de- 
gree of  temper^  as  that  in  which  it  came  from  the  makers :  it 
was  in  consequence  not  so  well  annealed  as  the  iron  with 
which  it  was  compaied.  On  this  account  the  numbers  oppo- 
site to  the  wire  magnets  are  less  than  they  would  otherwise  be ; 
still,  however,  the  results  in  the  table  seem  anomalous.  First, 
it  will  be  remarked  that  while  the  wire  magnets  are  more 
powerful  in  the  first  numbers,  they  are  less  powerful  in  the 
last  numbers,  than  the  iron  magnets.  I  cannot  account  for 
this  unless  by  supposing,  according  to  the  hypothesis  of  Dr. 
Page,  that  the  wires  of  which  the  magnets  are  composed  repel 
one  another's  magnetism  in  such  a  manner  as  to  tend  to  neu- 
tralize the  general  force  of  the  electro- magnet,  and  that  this 
neutralizing  effect  increases  with  the  number  of  wires  used. 
But  the  deficiency  of  No.  3  magnets  in  ex.  1.  is  most  remark- 
able, and  particularly  as  by  increasing  the  power  of  the  bat- 
tery the  deficiency  is  reduced,  and  that  at  the  same  time  the 
wire  magnet  becomes  less,  though  at  first  it  was  more,  power- 
ful than  the  iron  magnet,  compared  with  it. 

Digitized  by  VjOOQ IC 


62      M.  GrottVcUe,  on  the  formation  of  gas  from  water. 

In  my  next,  I  shall  attempt  to  determine  wliat  sectional 
area  is  best  for  different  electric  forces.      In  the  mean  time, 

I  remain,  dear  sir, 
Yours  most  respectfiiUy, 

J.  P.  JOULE. 

V.  ^ote  on  illuminating  GaSy  and  particularly  on  the 
formation  of  Gas  from  water  by  means  of  M.  ^lliques's 
apparatus.    By  Rt.  Grouvelle.     (Extract.)* 

M.  Selliaues  never  said  that  water  by  passing  over  coke 
heated  to  redness,  was  transformed  into  carbonated  hydrogen. 
It  is  well  known  that  it  produces  a  mixture  of  oxide,  carbon, 
and  hydrogen,  almost  entirely  pure. 

But  M.  Selliques  charges  this  hydrogen  with  carbon  by 
causing  it  to  traverse  a  red-hot  cylinder,  when  it  meets  with 
highly  carbureted  oils.  It  is  a  chemical  combination  and  not 
a  mixture  which  then  takes  place,  as  is  proved  by  the  analysis 
of  the  gas  formed  from  water,  by  M*  Peligot,  Repetiteur  i 
TEcole  Polytechnique ;  viz. — 

Carbonated  Hydrogen 57 ) 

Oxide  of  Carbon 28?  100 

Free  Hydrogen 15  3 

Hence  the  theoretical  question  of  lighting  is  this :  What 
process  gives  the  most  light  with  one  kilog.  of  oil  or  any  rC" 
sinous  substance,  resin,  schist,  or  coal  tar,  &c.  ?  One  kilog. 
of  oil  of  schist  or  resin  furnished,  by  Selliques*s  apparatus,  70 
cubic  feet  English  of  burning  gas,  of  which  it  requires  3  feet 
to  supply  a  burner  equal  to  10  wax  candles  for  one  hour; 
which  gives  23  hours^  light. 

But  at  Belleville,  Antwerp,  Frankfort,  and  wherever  gas 
is  made  on  a  large  scale  from  oil  of  resin  and  a  portion  of 
pure  resin,  the  mean  product  is  from  15  to  17  feet  per  kilog. 
of  oil,  but  in  three  or  four  days  the  product  falls  to  12  and  15 
feet.  The  insulated  attemps,  with  new  retorts,  may  give  as 
much  as  24  or  25  feet :  and  M.  Tailleberg  has  pronounced 
this  production  of  25  feet  as  a  great  discovery.  Let  us  take 
this  number :  this  gas  bums  2J  feet  per  hour  to  give  the  light 
of  10  wax  candles ;  this  is  (although  nearly  double  the  mean) 
the  report  furnished  by  the  lighting  of  the  City  of  Antwerp, 
in  October,  1837,  with  gas  from  resin  at  12  feet  to  the  kilog., 
and  in  October,  1838,  with  gas  from  water.  We  will  only 
reckon  upon  24  feet ;  hence,  1  kilog.  of  oil  gives  at  the  maxi- 
mum 1 1  hours^  light,  and  admitting  even  34  feet  to  the  kilog*, 

*  From  the  Comptes  Rendus,  &c.  No.  23,  1838.  Translated  by 
Mr.  J.  H.  Lang. 
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as  has  been  stated  in  a  journal  (and  this  quantity  cannot  per- 
haps be  obtained  without  the  addition  of  water),  it  would  then 
be  only  15  hours  while  we  have  obtained  23  from  the  gas 
made  from  water. 

But  the  production  of  gas  from  water  does  not  stop  at  70 
feet  per  kilog.  By  increasing  the  proportion  of  water  to  oil 
in  the  iq>paratus,  we  weaken  the  density  of  the  gas,  which  ap- 
proaches to^and  even  descends  lower  them,  the  density  of  the 
coal  gas.  In  some  experiments  made  on  more  than  1500  feet, 
observed  for  several  consecutive  hours  and  proved  by  a  tedious 
process^  I  curied  the  production  to  222  feet  of  burning  gas  with 
I  kSo^.  of  fish  oil  (the  oil  of  schist^  which  I  had  not  at  this  tirae> 
gives  in  Selliques's  a{^)aratus  the  same  results  as  fish  oil). 

lliis  gas  at  222  feet  only  burnt  6^  feet  to  give  the  light  of 
10  wax  candles;  it  was  scarcely  \  weaker  than  coal  gas.  Gas 
produced  at  110  feet  to  the  kilog.  of  oil  of  schist  gave  me  a 
consumption  of  4  feet  20  for  the  same  burner.  Thus  at  about 
160  feet  to  the  kilog.  of  oil,  the  gas  from  water  is  equal  in 
power  to  coal  gas,  and  bums  5  feet  an  hour.  Hence,  1  kilog. 
of  oil  gives  40  hours*  light.  It  is  easy  to  calculate  what  this 
light  costs  with  oil  of  schist,  which,  in  the  places  of  its  pro- 
duction,  is  not  more  than  5  francs  per  100  kilog.,  with  a 
combustible  expenditure  which  decreases  as  the  proportion  of 
the  gas  produced  and  the  size  of  the  apparatus  increase.  With 
the  gas  from  resin,  on  the  contrary,  the  decomposition  of  thd 
oils  operating  at  the  melted  surface,  small  retorts  are  the 
most  advantageous,  and  at  the  same  time,  the  volume  of  the 
gas  produced  (not  its  mass)  is  increased  only  in  decarbureting, 
by  a  higher  temperature,  a  part  of  the  richest  carburets  of 
hydrogen. 

The  indefinite  increase  of  light  obtained  with  the  gas  from 
water,  in  proportion  as  it  is  produced  more  feeble,  tends  to 
prove  that  the  presence  of  the  oxide  of  carbon  increases  the 
illumitiating  power  of  thi?  gas,  doubtless  increasing  the  quan- 
tity of  heat  developed  during  the  combustion. 

We  learn  from  two  reports  made  to  the  Antwerp  Society 
for  lighting  with  gas,  that  from  the  1st  of  June,  the  City  of 
Antwerp  was  lighted  with  the  greatest  success  by  the  gas 
from  water;  that  three  furnaces  are  in  active  employ  and 
produce  from  24  to  25  thousand  cubic  feet  of  gas  per  day ;  not- 
withstanding the  useless  expense  with  which  the  Society  is 
charged,  the  gas  at  70  feet  to  the  kilog.,  costs,  workmanship 
and  keeping  up  the  furnaces  included,  less  than  5  francs  per 
100  feet  with  oil  of  schist  at  15  francs  per  100  kilog. 

The  superior  quaLty  of  the  gas  from  water  to  that  from 
coal^  on  account  of  its  total  absence  from  sulphur  and  ammo- 
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nia,  need  not  be  digcussed ;  and  on  the  other  hand,  the  cost 
of  this  gas  is  no  longer  in  doubt :  at  Antwerp,  at  Belleville 
even,  it  has  been  proved  in  every  way. 

At  Antwerp,  the  burner,  equivalent  to  10  wax  candles,  con- 
sumes at  the  rate  of  3  feet,  l^'SS  per  hour,  and  costs  4  francs 
50  cents  per  100  feet. 

At  Paris,  the  coal  gas  (which  is  not  obtained  for  nothing 
as  has  been  pretended)  costs,  as  the  companies  know,  from 
4  to  5  francs  per  100  feet,  including  workmanship,  washing, 
and  keeping  up  the  apparatus ;  at  M ons,  even  the  director 
allows  3  francs.  At  London,  it  costs  2s.  6d.  or  3  francs  12 
cents. 

But  it  would  not  be  difficult  for  us,  with  oil  of  schist  at  6 
or  8  francs,  to  produce  in  London,  or  even  in  Belgium,  gas 
from  water,  at  the  rate  of  160  feet  to  the  kilog.,  equal  in 
power  and  superior  in  quality  to  the  coal  gas,  at  less  than  3 
francs  per  100  cubit  feet  English. 

I  shall  add  a  few  words  on  the  employment  of  asphaltum 
pipes. 

The  question  is  not  what  pressure  asphaltum  pipes  will 
sustain,  that  of  the  gasometers  being  always  infinitely  small, 
but  how  they  will  support  the  chemical  and  slow  action  of 
the  gas  itself,  on  the  asphaltum.  After  some  experiments, 
unfortunately  too  short,  several  thousand  stone  pipes  were 
placed  in  Louvain,  with  well  baked  asphaltum  joints,  and  at 
the  end  of  four  or  five  months  most  of  these  joints  were  eaten 
and  pierced  by  the  gas.  which  no  doubt  attacked  them  by 
means  of  the  small  quantity  of  essential  oil,  which  it  carries 
in  its  vapours.  It  was  necessary  to  replace  all  the  resinous 
joints  by  others  of  clay,  covered  with  Roman  cement,  and  up 
to  the  present  time  the  results  appear  good. 

VL     Description  of  a  Voltaic  Battery.    ByS.  E.  Hoskins, 
M.  D.     Communicated  in  a  letter  to  the  Editor. 

Sir, 

The  plate  voltaic  battery,  although  nearly  superseded  by  the 
more  modern  cylindrical  arrangements,  is  still  of  sufficient 
value  to  sanction  an  endeavour  towards  improving  its  con- 
struction. 

If  the  following  description  of  a  method  I  have  devised  for 
its  simplification  be  worthy  of  a  place  in  your  excellent  Annals, 
I  shall  be  obliged  by  its  insertion. 

The  various  inconveniences  arising  from  the  usual  methods 
of  connecting  galvanic  plates,  and  the  difficulty  of  cleansing 
the  zincs  when  soldereu  to  the  coppers,  induced  me  some  time 
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ago  to  seek  a  mare  simple  mode  of  effecting  junction.  The 
result  is  a  method  whereby  solder,  mercury  cups,  and  binding 
8crews  are  dispensed  with ;  and  perfect  connexion  between  a 
xlozen  or  eighteen  pair  of  plates  effected  by  the  mere  adjust- 
ment of  a  couple  of  thumb  screws. 

Fig.  14,  Plate  I.,  represents  a  wooden  frame  with  fine 
transverse  saw  cuts,  halt'  an  inch  deep,  and  one  fourth  or  one 
sixth  of  aA  inch  apart.  This  frame  is  intended  to  fit  over  a 
trough  without  partitions.  Each  of  its  projecting  extremities 
is  prorated  for  the  passage  of  a  brass  bolt,  having  a  head  at 
one  end  and  a  deep  thread  for  the  reception  of  a  thumb 
screw  at  the  other. 

The  plates  which  are  dropped  into  the  transverse  saw  cuts 
of  the  frame,  alternately  interlacing,  according  to  Messrs.  De 
la  Rue  and  Young's  plan,  are  cut  out  of  copper  and  thin 
sheet  zinc* 

The  {Jates  being  dropped  into  the  frame,  the  long  ears  are 
to  be  bent  over  its  convex  sides,  so  that  a  zinc  shall  be  in 
contact  with  a  copper  plate.  This  being  done  a  strip  of  wood 
is  placed  over  the  bent  ears :  over  this  a  strip  of  brass  and  the 
whole  bound  together  by  the  bolts  and  thumb  screw,  until 
perfect  contact  is  secured. 

This  arrangement  will  be  better  understood  by  reference 
to  fig.  14,  of  the  accompanying  sketch,  which  gives  a  transverse 
view  of  the  apparatus. 

a,  a,  a,  a,  are  the  plano-convex  sides  of  the  frame,  b,  6,  £,  b, 
the  alternating  plates  of  zinc  and  copper,  c,  c,  c,  c,  thin  strips 
of  white  deal  varnished,  and  barely  long  enough  to  cover  the 
series  of  overlapping  ears,  dyd/d^d,  strips  of  thick  sheet 
brass,  as  long  as  the  sides  of  the  frame,  and  perforated  at  each 
extremity.  E,  E,  bolts  and  thumb  screws,  which  are  repre- 
sented as  having  tightened  the  binders  on  one  side,  and  in 
readiness  to  do  so  on  the  other. 

The  dotted  lines,  in  fig.  15,  are  intended  for  pieces  of  var- 
nished cord  permanently  fixed  on  the  copper  plates :  a  simple 
but  effectual  method  of  keeping  the  plates  asunder. 

The  battery  may  be  used  with  dilute  acid  or  with  the 
acidulated  solution  of  sulphate  of  copper  recommended  by  M. 
De  la  Rue.  With  the  latter,  gooa  decomposing  action  will 
continue  for  upwards  of  an  hour  ;  at  the  end  of  which  time 
three  inches  of  fiue  platinum  wii'e  can  be  kept  in  a  state  of  in- 

*  The  thinner  the  better  as  it  can  be  readily  cut  and  bent,  does 
not  require  wide  saw  cuts,  which  wouki  weaken  the  frame ; — lasts 
quite  loDjg  enough  for  one  durable  operation,  and  admits  of  fresh 
plates  being  usea  each  time. 

Vol.  IV.— No.  19,  July,  1839.  E 
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candescence  for  half  an  hour  or  more.  In  short,  the  power 
of  the  battery  is  quite  equal  to  that  of  other  plate  arrangements 
possessing  advantages  peculiar  to  itself.  These  advantages 
are  convenience  in  an  extended  sense  of  the  word,  anc^ 
economy  both  of  time  and  money.  Eighteen  or  twenty  pair 
of  plates  may  be  sundered  and  put  together  again  in  a  few 
minutes ;  the  zincs  therefore  may  be  easily  washed,  amalga- 
mated, or  replaced,  with  great  facility  and  without  the  use  of 
the  soldering  tool,  the  waste  of  mercury,  or  the  annoyance 
arising  from  a  series  of  binding  screws.  A  stock  fa^iimoned 
by  the  manipulator  may  always  be  kept  at  hand  with  no  more 
expense  than  that  of  the  material;  and  he  may  extend  his 
series  with  ease  to  any  extent 

The  only  parts  which  cannot  in  general  be  made  by  the 
amateur  are  the  trough,  the  screws,  and  the  frame.  The  lat- 
ter requires  some  degree  of  nicety  in  its  construction, — none 
however  which  a  common  carpenter,  properly  directed,  may 
not  attain. 

A  small  battery,  such  as  I  have  described,  has  been 
deposited  at  the  Polytechnic  Institution,  ever  since  the  month 
of  October.  Mr.  Bachhoffiier,  to  whose  kindness  on  all 
occasions  I  am  much  indebted,  has  performed  a  series  of  care- 
fully conducted  experiments  with  it,  and  allows  me  to  state 
in  his  name  that  my  battery  is  much  more  powerful  than 
others  of  the  same  order,  owing  to  the  approximation  of  the 
plates,  and  that  it  is  much  more  convenient  and  manageable 
than  any. 

I  remain,  Sir, 
Guernsey,  May,  1839.  Your  obedient  servant, 

S.  E.HOSKlNS,M.D. 

VII.     On  a  J^ew  Magnetic  Electrical  Machine.   (Magnet- 
electromotor.)    By  Dr.  Neeff,  of  Frankfort  * 

Exhibited  at  the  Fribuig  Meeting  of  Philosophers,  in  Sept,  1838. 

Since  the  time  I  made  known  the  peculiarities  of  my  electrical 
wheel,  or  mill,  to  the  scientific  meeting  at  Bonn,  (and  after- 
wards in  PoggendorflTs  Annals  for  November,  1835,)  the  re- 
markable efiects  of  electrical  discharges,  repeated  in  rapid  suc- 
cession, have  become  studied  with  much  attention:  and  it  was 
soon  discovered  that,  for  the  production  of  such  a  quick  succes- 
sion of  electrical  light,  magnetic  electricity  ispeculiarly  and  ex- 
cellently adapted.  For  this  purpose  magnetic  electricity  has 
been  employed  as  it  is  excited  by  the  machine  first  invented 

♦  Translated  firom  the  German  by  I. 
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by  Pixiiy  then  by  Saxton's  and  Clarke's  improvements;  each 
of  which  has  an  armatore  of  soft  iron,  sarrouDded  by  spirals 
of  copper  wire,  which  rotate  in  front  of  the  poles  of  a  steel 
magnety  by  which  arrangement  a  machine  is  brought  into 
good  operation ;  and  the  progressive  improvements  which  the 
sagacious  and  ingenious  Ettingshausen  has  given  to  this 
machine,  are  so  excellently  contrived,  that  there  appears  to 
be  left  but  little  more  to  be  done  to  accomplish  its  perfection. 
In  the  meantime,  however,  I  have  been  inclined  to  believe 
that  some  other  way  must  yet  be  pursued  to  arrive  at  the 
principal  object  in  view :  which  would  be  to  replace  the  steel 
magnet  by  an  electro-magnet  of  soft  iron,  llie  first  efiect 
which  I  obtained  by  this  substitution,  was  fttr  short  of  that 
which  I  had  been  led  to  expect,  a  circumstance  that  may  be 
imputed  to  the  deficiency  which  attended  the  first  construction 
of  the  instrument  The  essential  corrections  being,  however, 
attained^  the  magnetic  electrical  operation  can  now  be  brought 
to  the  wished  for  vigour ;  {he  apparatus  is  easy  and  conveni- 
ent to  manage,  durable  in  its  action,  of  small  dimensions,  its 
price  trifling,  and  is  well  adapted  for  a  variety  of  purposes 
which  are  met  with  by  the  Surgeon,  the  Physiologist,  and  the 
Physician*  These  results  have  appeared  to  me  so  highly 
gratifying  that  I  am  led  to  believe  the  instrument  is  still  sos* 
ceptible  of  much  &rther  improvement. 

With  respect  to  the  voltaic  battery,  I  have  relied  upon  those 
liquids  which  I  have  hitherto  been  in  the  custom  of  using  for 
the  excitation  of  voltaic  troughs,  but  have  returned  to  the 
ddest  construction  of  voltaic  apparatus,  viz,  piles  of  zinc  and 
copper,  with  intervening  discs  of  moistened  pi^r.  The  zinc, 
however,  I  amalgamate.  When  the  paper  discs  have  beconie 
saturated  in  a  solution  of  sulphuric  acid,  (consisting  of  about 
one  acid  and  ten  water)  I  form  the  pile,  and  [dace  it  in  a 
screw-press.  The  performance,  of  this  construction  of  a 
battery,  is  extremely  uniform  and  durable.  Experiments  may 
be  carried  on  daily  for  a  considerable  time  and  still  the  battery 
will  continue  active.  Even  for  12  or  16  days,  experiments 
may  be  carried  on  before  it  is  necessary  to  take  the  pile  to 
pieces  and  introduce  fresh  discs  o£ paper.  Besides,  the  metals 
become  so  little  corroded  that  they  seldom  want  any  other 
cleauine  than  merely  wiping  away  the  moisture  from  about 
their  eages^  a  circumstance  always  to  be  attended  to,  other- 
wise a  perceptible  portion  of  the  force  is  lost.  With  this  pile, 
it  is  pleasing  to  find  that  we  are  not  annoyed  by  the  trouble- 
some, indeed  dangerous,  liberation  of  gas,  which  always 
attends  the  apparatus  when  unamalgamized  zinc  is  employed. 
The  screw  is  also  of  very  great  advantage,  by  the  dackeaing 
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or  tightening  of  which,  the  effects  of  the  pile  can  quickly  be 
weakened  or  strengthened  respectively,  at  pleasure.  I  use 
plates  of  greater  dimensions  and  number,  as  is  necessary  for 
the  maximum  of  effects.  Though  but  little  is  to  be  gained, 
in  this  way,  for  the  present  purpose  of  the  pile,  yet  it  gives  me 
a  great  advantage  of  diversifying  the  force  in  many  ways. 
The  action  becomes  exhausted  in,  perhaps,  about  14  days. 
In  the  manner  above  described,  I  prepared  8  copper  and  zinc 
plates  in  four  pairs,  insulating  them  from  each  other  by  dry 
paper,  and  keeping  them  pretty  close  together  by  means  of 
the  screw-press,  and  combined,  as  occasion  required,  the 
similar  or  dissimilar  metals,  by  means  of  small  conductipg 
wires  and  quicksilver  cups.  The  eight  moistened  papers 
which  were  placed  between  the  copper  and  zinc  were  4  inches 
broad  and  4i  long,  the  plates  being  a  little  larger.  The  screw- 
press  is,  perhaps,  7  inches  long  and  6  inches  broad,  and  serves 
as  a  basis  for  the  support  of  the  other  parts  of  the  apparatus. 

The  second  essential  part  of  the  apparatus  is  the  spiral. 
The  principle  of  which  is  well  known,  as  for  as  depends  upon 
the  length,  thickness,  and  winding  of  the  wire.  The  iron 
axle  of  the  spiral,  in  every  revolution,  necessarily  weakens  the 
electric  action,  in  consequence  of  a  partial  neutralization  of 
the  magnetic  poles,  by  its  close  approach  to  them  during  its 
transits.  As  regards  the  function  of  the  spiral,  it  is  now 
known  that,  when  it  closes  the  circuit,  the  iron  axle  becomes 
magnetic ;  and,  in  opening  the  circuit,  this  magnetism,  as  well 
as  that  of  the  wire,  immediately  disappears;  by  means  of 
which,  the  electric  fluid  in  the  spiral  becomes  impelled,  and  ex- 
hibited partly  in  a  spark  in  the  reverse  order  to  the  battery  cir- 
cuit, and  is  partly  led  off  as  a  momentum  current.  The  best 
method  of  a  spiral  is  to  have  two  wires  wound  close  together. 
We  can  then  employ  it  according  to  the  various  purposes  for 
which  it  is  wanted ;  we  can  combine  the  two  wires  in  the  same 
direction  or  in  opposite  directions ;  we  can  even,  by  the  one, 
close  and  open  the  circuit,  and  by  the  other,  lead  away  the 
magnetic  electricity. 

The  third  element  of  the  magnet-electromotor  is  the 
mechanical,  by  which  the  closings  and  openings  of  the  circuit 
through  the  spiral  are  performed.  For  this  purpose,  I  first 
availed  myself  of  the  electric  wheel,  by  which  contrivance 
the  shocks  succeed  one  another  with  great  velocity,  and 
become  well  defined.  When  I  had  ascertained  the  powerful 
action  of  the  apparatus,  I  was  desirous  of  having  it  to  excite 
itself,  as  in  the  electro-magnetic  machine,  without  the  in- 
convenience of  turning  the  wheel.  The  ingenious  construction 
which  I  employ  for  the  purpose  is  due  to  Mr.  J.  P.  Wagner. 
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It  combines  simplicity  with  efficacy,  and  is  the  result  of  a 
variety  of  contrivances  which  have  now  been  carried  on  for 
two  years :  and  was  given  to  me  by  that  gentleman.  There  are 
two  parts  inserted  between  the  voltaic  series  and  the  spiral, 
which  I  call  hammer  and  anvil.  The  hammer  is  a  piece 
which  is  attached  to  one  end  of  (he  spiral,  (the  other  end 
being  connected  with  one  pole  of  the  series)  and  the  anvil  is 
connected  with  the  other  pole*  of  the  series.  If  now,  the 
hammer  rests  upon  the  anvil,  the  circuit  will  be  closed,  and 
the  iron  axle,  becoming  magnetic,  attracts  an  iron  plate  which 
fiEistens  to  the  hammer,  and  draws  it  away  from  its  contact 
with  the  anvil.  By  these  means  the  circuit  will  be  opened, 
and  the  iron  axle  immediately  loses  its  magnetism,  which 
permits  the  hammer  to  fell  down  again  to  the  anvil  and  again 
closes  the  circuit.  This  done  the  same  motions  begin  anew, 
and  are  repeated  as  long  as  the  pile  retains  its  power.  The 
hammer  may  be  brought  to  any  required  distance  from  the 
anvil  at  pleasure,  and  mercury  may  be  employed  between 
them  if  thought  necessary :  and  there  is  also  a  contrivance 
for  elevating  or  depressing  the  anvil.  These  modifications  of 
the  apparatus  permit  the  rapidity  of  the  openings  and  closings 
to  be  varied  in  several  ways. 

The  apparatus  operates  upon  principles  already  known. 
The  various  combinations  of  the  spiral  wire  serve  the  purpose 
of  attaining  various  objects.  If,  for  instance,  we  require  a 
great  quantity  of  the  electric  force,  we  must  unite  the  ends 
of  both  spiral  wires  which  are  of  the  same  name ;  by  which 
means  we  shall  have  sparks  and  chemical  decompositions  at  a 
maximum.  On  the  other  hand,  if  we  desire  a  maxinmm  of 
intensity,  then  we  must  unite  the  ends  of  the  wires  which  are 
cX  different  names,  by  which  means  the  greatest  eflTect  is  pro- 
duced on  inferior  conducting  bodies.  The  fiery  sparks  appear 
between  the  hammer  and  anviL  The  decompositions  and 
shocks  are  obtained  by  bringing  the  respective  bodies  into 
contact  with  one  end  of  the  spiral  wire ;  also  to  the  quick- 
silver shank  to  which  the  hammer  is  united,  and  to  that  pole 
of  the  series  which  touches  the  other  end  of  the  spiral.  Of 
the  experiments  I  shall  mention  only  one ;  the  deflagration 
of  various  metals,  and  particularly  of  quicksilver  under  water. 
The  convulsions  of  this  metal  are  shown  by  placing  a  drop  of 
it  under  acidulated  water  and  touching  it  with  one  end  of  the 
spiral  wire  ;  a  rotation  immediately  commences  in  the  water ; 
and,  by  introducing  a  charcoal  point,  the  phenomenon  becomes 
striking  and  beautiful  The  action  on  the  human  body  is 
extremely  Dowerfiil.  When  the  spiral  wire  is  only  400  feet 
long  we  find  that  lively  diocks  are  given  even  when  the  poles, 
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are  touched  with  dry  fingers,  which,  by  a  somewhat  stronger 
pressure,  become  increased  to  an  insufferable  denee.  By  a 
moderately  weak  contact,  one  hears  a  gentle  crackling  noise, 
which  appears  to  arise  from  a  series  of  small  sparks  passing 
through  the  insulating  epidermis.  By  moistening  the  finger 
in  water,  one  gets  only  a  tolerable  superficial  connexion,  which 
continues  but  for  a  few  seconds  when  the  action  is  strong. 
The  intensity  is  sufficiently  great  to  transmit  shocks  through 
a  series  of  many  persons  who  are  connected  with  moistened 
hands.  A  very  interesting  experiment  is  made  by  the  employ- 
ment of  two  polar  plates,  by  means  of  which  we  obtain  a 
current  through  a  mass  of  water,  and  the  human  body,  or 
even  a  hand  immersed  between  these  plates,  is  acted  upon  by 
the  current.  In  this  electrical  bath,  independently  of  any 
direct  contact  with  the  polar  plates,  the  immersed  body 
deprives  the  water  of  the  greatest  part  of  the  electrical  current, 
and,  consequently,  a  lively  sensation  is  experienced  at  every 
point  of  the  immersed  part.  The  importance  of  such  electri- 
cal baths  for  medical  purposes  is  very  easily  perceived,  and 
ought  to  be  strictly  attended  to  by  the  faculty. 

Finally,  bv  augmenting  the  length  and  thickness  of  the 
spiral  wire,  the  force  becomes  exalted,  and  answers  for  every 
purpose ;  and  one  can  predict  with  certainty  that  it  is  capable 
of  decomposing  the  alkalies.  It  is  better  adapted  for  this 
purpose  when,  instead  of  wire,  a  copper  band,  (a  strip  of  sheet 
copper)  in  about  twelve  even  spirals,  is  wound  round  the 
axle,  having  the  inner  and  outer  ends  prepared  with  quick- 
silver cups  for  the  purpose  of  varying  the  connexions.  On 
this  plan  my  Reometer  (an  instrument  described  in  Gehler's 
Phil.  Dictionary,  new  edition,  vol,  vi.,  sec.  3,  p.  2494)  is  con- 
structed and  brought  into  action. 


VIII.  Notice  from  Dr.  Robert  Hare,  Professor  of  Che- 
mistry, &c.,  respecting  the  fusion  ofplcUina,  also  respect- 
ins  a  new  Ether,  and  a  series  of  gaseous  compounds  formed 
with  the  elements  of  water* 

I  have  by  improvements  in  my  process  for  fusing  platina, 
succeeded  in  reducing  twenty  five  ouncesf  of  that  metal  to  a 
state  so  liquid,  that  the  containing  cavitv  not  being  sufficiently 
capacious,  about  two  ounces  overiflowed  it,  leaving  a  mass  of 
twenty  three  ounces.     I  repeat  that  I  see  no  difficulty  in 

*  Communicated  by  the  Author. 

+  Troy  weight.  ITie  actual  quantity  fused  was  19,^50  gn. ; 
the  lump  remaining  weighed  10,937  grs. 
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exfending  the  power  of  my  aj^Muratos  to  the  fusion  of  much  ' 
larger  masses. 

When  nitric  acid  or  sulphuric  acid  with  a  nitrate  is  em-, 
ployed  to  generate  ether,  there  must  be  an  excess  of  two  atoms 
of  oxygen  for  each  atom  of  the  hyponitrous  acid  which  enters 
into  combination.     This  excess  involves  not  only  the  con-, 
sumption  of  a  large  propcntion  of  alcohol,  but  also  gives  rise 
to  several  acids  and  to  some  volatile  and  acrid  liquids. 

It  occurred  to  me  that  for  the  production  of  pure  hyponitroua 
ether  a  hyponitrite  should  be  used.  The  result  has  fully 
realized  my  expectations. 

By  subjecting  hyponitrite  of  potassa  or  soda  to  alcohol  and 
diluted  sulphuric  acid,  I  have  obtained  a  species  of  ether  which 
differs  from  that  usually  known  as  nitrous  or  nitric  ether  in 
being  sweeter  to  the  taste,  more  bland  to  the  smell,  and  more 
volatile.  It  boils  below  65°  of  F.,  and  produces  by  its  spon- 
taneous evaporation  a  temperature  of  0 — 15"^  F.  On  contact 
with  the  finger  or  tongue  it  hisses  as  water  does  with  red  hot 
iron.  After  being  made  to  boil,  if  allowed  to  stand  for  some 
time  at  a  temperature  below  its  boiling  point,  ebullition  may 
be  renewed  in  it  apparently  at  a  temperature  lower  than  that 
at  which  it  had  ceased.  Possibly  this  apparent  ebullition 
arises  from  the  partial  resolution  of  the  liquia  into  an  aeriform 
ethereal  fluid,  which  escapes,  both  during  the  distillation  of 
Uie  liquid  ether  and  after  it  has  ceased,  at  a  temperature  below 
freezing.  This  aeriform  product  has  been  found  partially 
condensible  by  pressure,  into  a  yellow  liquid,  the  vapor  of 
which,  when  allowed  to  enter  the  mouth  or  nose,  produced  an 
impression  like  that  of  the  liquid  ether*  I  conjecture  that  it 
consists  of  nitric  oxide,  so  united  to  a  portion  of  the  ether  as 
to  prevent  the  wonted  reaction  of  this  gas  with  atmospheric 
oxygen.  Hence  it  does  not  produce  red  fumes  on  being 
mingled  with  air. 

Ixiwards  the  end  of  the  ordinary  process  for  the  evolution  of 
the  sweet  spirits  of  nitre,  a  volatile  acrid  liquid  is  created 
which  affects  the  eyes  and  nose  like  mustard,  or  horse  radish. 
When  the  new  ether  as  it  first  condenses  is  distilled  from 
quick-Ume,  this  earth  becomes  imbued  with  an  essential  oil 
which  it  yields  to  hydric  ether.  This  oil  may  be  afterwards 
isolated  by  the  spontaneous  evaporation  of  its  solvent  It  has 
a  mixed  odour,  partly  agreeable,  partly  unpleasant.  From 
the  affinity  ot  its  odor  and  that  of  common  nitrous  ether,  I 
infer  that  it  is  one  of  the  impurities  which  exist  in  that  com- 
pound. 

The  new  ether  is  obtained  in  the  highest  degree  of  purity, 
though  in  less  quantity,  by  introduQing  the  materials  into  a 
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'  strong  well  groand  stoppered  bottle,  refrigerate  bj  snow  and 
salt.  After  some  time  the  ether  will  form  a  8^)ematant 
stratum,  which  may  be  separated  by  decomposition.  Any 
acid,  having  a  stronger  affinity  for  the  alkaline  base  than  the 
hyponitrous  acid,  will  answer  to  generate  this  ether.  Acetic 
acid  not  only  extricates  but  appears  to  combine  with  it,  form- 
ing apparently  a  by poiiitro- acetic  ether. 

I  observed  some  years  ago  that  when  olefiant  gas  is  inflamed 
with  an  inadequate  supply  of  oxygen,  carbon  is  deposited, 
while  the  resulting  gas  occupies  double  the  space  of  the  mix- 
ture before  explosion.  Of  this  I  conceive  I  have  discovered 
the  explanation.  By  a  great  number  of  experiments,  per- 
formed with  the  aid  of  my  barometer  gauge  Eudiometer,  I 
have  ascertained  that  if  during  the  explosion  of  the  gaseous 
elements  of  water  any  gaseous  or  volatile  inflammable  matter 
be  present,  instead  of  condensing  there  will  be  a  permanent 
gas  formed  by  the  union  of  the  nascent  water  with  the  inflam- 
mable matter.  Thus  two  volumes  of  oxygen,  with  four  of  hydro- 
gen, and  one  of  olefiant  gas,  give  six  volumes  of  permanent  gas, 
which  bums  and  smells  like  light  carburetted  hydrogen.  The 
same  quantity  of  the  pure  hydrogen  and  oxygen  with  half  a 
volume  of  hyoric  ether  gives  on  the  average  the  same  residue. 
One  volume  of  the  new  hyponitrous  ether  under  like  circum- 
stances produced  five  volumes  of  gas. 

An  analogous  product  is  obtained  when  the  same  aqueous 
elements  are  inflamed  in  the  presence  of  an  essential  oil. 
With  oil  of  turpentine  a  gas  was  obtained  weighing  per  hun- 
dred cubic  inches  16A  grs.,  which  is  nearly  the  gravity  of 
light  carburetted  hydrogen.  The  gas  obtained  from  olefiant 
gas,  or  from  ether,  weighed  on  the  average,  per  the  same  bulk 
IStV  grs*  The  olefiant  gas  which  I  used  weighed  per  hun- 
dred cubic  inches  only  SOyV  grs.  Of  course  if  per  se  expanded 
into  six  volumes  it  could  have  weighed  only  one  sixth  of  that 
weight,  or  little  over  five  grains  per  hunored  cubic  inches. 
There  can  therefore  be  no  doubt  that  the  gas  obtained  by  the 
means  in  question,  is  chiefly  constituted  of  water,  or  of  its 
elements  in  the  same  proportion  H'O. 

With  a  volume  of  the  new  ether,  six  volumes  of  the  mixture 
of  hydrogen  and  oxygen  give  on  the  average  about  five  residual 
volumes.  The  gas  created  in  either  of  the  modes  above  men- 
tioned does  not  contain  carbonic  acid,  and  when  generated 
from  olefiant  gas  appears  by  analysis  to  yield  the  same  quantity 
of  carbon  and  hydrogen  as  that  gas  affords  before  expansion. 

These  facts  point  out  a  source  of  error  in  experiments,  for 
analyzing  gaseous  mixtures  by  ignition  with  oxygen  or  hydro- 
gen, in  which  the  consequent  condensation  if  ^pealed  to  as  i^ 
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basis  for  an  estimate.  It  appean  that  the  resalting  water 
may  form  new  products  with  certain  T<^tiltzable  substances 
which  may  be  present. 


IX.     REVIEWS  AND  NOTICES  OF  NEW  BOOKS. 

A  Course  of  Eight  Lectures  on  Electricity^  Galvanism, 
Magnetism^  and  Electro-magnetism.  By  Henry  M. 
NoAD,  Member  of  the  London  Electrteal  Society,  Scott, 
Webster,  and  Geary,  36,  Charter^ Hottse  Square. 

Mr.  Noad's  Tjectures,  like  some  other  recent  publications 
purporting  to  treat  on  these  subjects,  are,  principally,  if  not 
totally,  compilations  from  other  sources,  to  no  one  of  which 
have  they  made  even  the  slightest  contribution.  Mr,  Noad 
has  obviously  read  several  authors  on  the  subjects  of  his  Lec- 
tures, and,  of  course,  has  selected  those  parts  and  parcels  of 
their  works  which  appeared  most  suitable  to  his  purpose.  It 
is  our  duty,  however,  in  justice  to  its  author,  to  state,  that 
Mr.  Noad  has  drawn,  to  a  rather  unusual  extent,  on  Sir 
David  Brewster's  "  Treatise  on  Magnetism,"  many  parcels 
of  which,  already  in  a  suitable  dress  for  the  "Lectures,**  of 
course,  required  only  the  mere  process  of  transplantation  from 
one  work  to  the  other.  We  do  not,  however,  find  feult  with 
Mr.  Noad  for  thus  availing  himself  of  the  matter  in  its  origi- 
nal elegant  form,  because  it  is  well  chosen  and  well  adapted 
to  the  purpose  ;  and,  as  he  has  not  attempted  to  conceal  his 
authorities,  but,  in  general,  has  been  very  liberal  in  acknow- 
ledging them,  his  "Lectures"  claim  our  best  wishes  for  their 
success,  sincerely  hoping  that  they  may  produce  a  better  effect 
than  that  of  beguiling  an  idle  hour,  which  the  preface 
informs  us  is  the  only  "  object  of  the  author"  for  offering 
them  to  public  notice. 


^  Masnetical  Investigations.^^  By  the  Rev.  Wm.  Scoresby, 
B.  D.,  Fellow  of  the  Royal  Societies  of  London  and 
Edinburgh  ;  Corresponding  Member  of  the  Institute  of 
France,  |re.,  &c.  Longman,  Orme^  Brown,  Green,  and 
Longmans,  Paternoster  Row. 

We  have,  in  this  work,  a  series  of  magnetical  observations 
and  focts  of  exceedingly  great  interest,  whether  they  be  viewed 
in  a  theoretical  point  of  view,  or  of  practical  applicability. 
The  labours  of  Mr.  Scoresby,  as  an  experimental  philosopher, 
have  long  been  sufficiently  known  to  the  WMitific  world  to 
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establish  his  reputation  as  an  indefatigable  and  exact  investi- 
gator ;  and  we  have  ffreat  pleasure  in  stating  that  the  origin- 
ality of  many  facts  which  we  have  observed  in  this  neat  little 
volume,  do  equal  credit  to  (he  author  with  any  of  the  pre- 
ceding results  of  bis  valuable  investigations. 

Mr.  Scoresby  prefaces  his  interesting  Investigations  with 
the  following  series  of  "  Introductory  Observations/'  so  ad- 
mirably appropriated  to  the  scientific  importance,  and  theo- 
logical dignity,  of  his  subject. 

"  It  had  long  been  conjectured  that  a  most  intimate  con- 
nexion, if  not  identity  of  nature,  might  probably  exist  among 
some  of  the  more  subtle  and  mysterious  agents,  or  principles 
of  different  denominations^  and,  apparently,  of  different 
characteristics,  which  universally  pervade  the  region  in  and 
about  this  earth. 

"  Modem  discoveries  in  electro-magnetism,  with  the  cognate 
relations  which  these  have  developed  as  existing  in  other 
principles  of  natural  bodies,  have  gone  far  to  verify  these 
anticipations;  and  at  the  same  time  to  yield  so  much  additional 
knowledge  of  the  constitution  of  the  physical  system  of  our 
planet,  as  to  give  a  new,  an  interesting,  and  a  prominent  im- 
portance to,  electrical  and  magnetical  science. 

"  To  the  time  of  Dr.  Gilbert,  of  Colchester,  magnetism 
was  only  known   as  a  mysterious  virtue,  existing  in  and 

Eeculiar  to,  the  loadstone,  or  ferruginous  substances  which  had 
een  touched  by  this  extraordinary  mineral,  from  which  cer- 
tain qualities  of  attraction  and  direction  were  derived.  But 
this  eminent  individual  discovered,  as  he  has  left  on  record 
in  his  'Physiologia  Nova,  sen  TVactatus  de  Magnete  et 
Corporibus  Magnetisis;'  published  in  the  year  1600,  that  the 
phenomenon  of  the  meridional  adjustment  of  the  magnetic 
needle  was  not  owing  to  any  mvstical  virtue,  exercised  out  of 
the  course  of  natural  principles,  but  a  mere  result  of  the 
directive  action  of  the  earth ;  which  he  truly  considered  as  the 
controlling  agent,  by  reason  of  its  being  in  its  matter  and 
constitution  magnetic. 

'^  So  long  as  magnetism  was  known  only  as  a  separate  or 
simple  principle,  the  philosophic  ideas  of  Dr.  Gilbert  were 
never  materially  advanced;  but,  on  the  discoveries  of  Professor 
CErsted,  whereby  the  long-suipeoted  connexion  betwixt 
electricity  and  magnetism  was  established,  an  amazing  en- 
largement was  at  once  yielded  to  magnetical  knowledge,  and 
a  corresponding  impulse  given  to  magnetic  research. 

''  The  effect  has  been  to  give  a  science,  formerly  considered 
as  comparatively  of  an  inferior  class,  a  grandeur  of  oonsidera^ 
iion ;  placing  it  at  once  amongst  those  mighty  principles  which 
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infinite  wisdom  has  appointed,  and  infinite  power  ordained 
as  essential  elements  or  agencies  in  the  physical  constitution 
of  the  world.  For  inasmuch  as  the  inseparable  connexion  has 
been  established  betwixt  electricity  and  magnetism ,  these, 
under  Tarions  forms  of  development,  reciprocally  developing 
each  other,  it  necessarily  follows,  that,  to  whatever  extent  in 
creation  electricity  operates,  to  the  same  extent  the  magnetic 
principle  must  reach.  And  inasmuch  as  heat,  light,  and 
chemical  action,  are  each,  more  or  less,  developers  of  one  form 
or  another  of  the  electro-magnetic  principle,  the  analogies  of 
science  would  lead  us  to  infer,  that  magnetism  is  co-extensive 
with  these  other  agencies,  throughout  their  range  of  operation. 
Hence,  there  is  little  doubt  but  the  principle,  which,  a  few 
years  ago,  was  known  only  as  a  director  of  the  compass  needle, 
as  to  its  utility,  and  as  little  more  than  a  curiosity  in  science, 
is  one  of  the  mighty  energies  by  which,  instrumentally,  the 
works  of  the  great  Creator  are  regulated;  one  of  those  subtle 
powers  which  he  hath  ordained  as  his  servants,  *  fulfilling  his 
word;'  and  whereby,  'the  sweet  influences'  of  the  whole  sys- 
tern  of  the  universe  are  bound  together,  controlled,  and  upheld. 
Thus  the  subject  of  magnetism  becomes  of  the  highest  con- 
sideration ;  in  science,  as  to  its  mightiness  and  extent  of 
operation ;  and,  in  natural  theology,  as  calculated  to  connect 
the  researches  of  human  intelligence,  with  him  who  hath  cre- 
ated these  wonders;  to  elevate  the  feelings  of  reverence  and 
ad<Nration  in  the  devotional  mind,  and  to  proclaim  more  clearly^ 
in  proportion  as  the  invisible  things  are  understood,  *  His 
eternal  power  and  Godhead. ' 

^*  It  is  not  my  object,  however,  in  this  publication,  to  carry 
out  those  views  to  which  the  more  enlarged  consideration  of 
magneUsm,  as  a  science,  might  be  advantageously  applied; 
bat  that,  in  thus  showing  something  of  the  importance  of  the 
subject  as  a  science,  I  may  solicit,  for  the  contributions  which 
are  here  ofi*ered  for  it,  such  reasonable  consideration  as,  in  this 
connexion,  they  may  fieiirly  claim. 

^*To  the  subject  of  magnetism^  my  attention  has,  for  a 
series  of  years,  been  more  or  less  directed;  latterly  with  the 
view,  particularly^  of  producing  more  powerful  instruments  for 
the  determination  of*^  delicate  variations  in,  and  the  actual 
condition  of,  the  earth's  magnetism;  a  subject  which,  from  its 
greatly  increased  importance,  is  now  engaging  attention  in 
some  of  the  principal  observatories  in  Europe. 

*^  In  contemplating  such  improvement  in  instruments  de- 
pendent for  their  adjustment  on  the  earth's  magnetism,  the 
^nd  desideratum  would  obviously  be,  the  attainment  of 
mcreased  energy,  or  directive  power,  in  magnetic  needles,  ot 
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bars  of  any  given  length  or  mass.  And,  that  the  attainment 
of  such  increased  energy  was  a  promising  field  of  enquiry,  I 
was  satisfied,  from  the  mere  consideration  of  the  surprising 
superiority  in  power  of  electro-magnets  over  permanent  arti- 
ficial magnets;  strongly  indicating  (he  existence  of  a  iar 
greater  capacity  for  magnetism,  than  we  have  hitherto  been 
able  to  develop,  or,  if  developed,  to  retain.  Whilst  this  con- 
sideration yielded  every  encouragement  to  the  enquiry,  an 
experimental  fact,  in  regard  to  the  proportional  power  of  mag- 
nets o{  unequal  thickness,  suggested  that  guidance,  in  pursuing 
the  enquiry,  which  not  only  led  (  as  will,  J  trust,  subsequently 
appear)  to  a  successful  result  in  regard  to  the  object  particu- 
larly specified,  but  gave  rise  to  investigations  extending 
beyond  my  original  design,  and  eminently  calculated^  1  con- 
ceive, for  the  improvement  of  sea  compasses — hitherto  so  very 
defective — as  well  as  artificial  magnets,  and  magnetic  apparatus 
generally.  The  feet  referred  to  was  this.  When  examining, 
many  years  ago,  the  directive  power  of  various  artificial  bar- 
magnets,  for  the  purpose  of  determining  the  practicability  of 
ascertaining  the  thickness  of  rocks,  &c.  in  tunneling  and 
mining,  by  the  method  of  deviations  communicated  to  the 
Royal  Society  in  1831, — the  idea  occurred  to  me,  that,  if  the 
bars  ordinarily  employed  for  compass  needles,  &c.  were 
divided  into  lamince  ;  or  if,  in  other  words,  they  were  made 
up  of  thin  plates  to  the  extent  of  the  masses  of  the  bars  com- 
monly in  use,  a  greater  degree  of  energy  would  be  obtained. 
Experiment  fullv  justified  this  opinion.  But  previous  to  the 
application  of  the  principle  to  instruments  directed  by  the 
earth's  magnetism,  I  had  made  trial  of  a  combination  of 
lamines  of  thoroughly  tempered  steel,  for  the  construction 
of  a  small  compound  magnet  The  substance  made  use  of 
was  watch-spring,  of  which  fourteen  pieces,  of  two  inches  in 
length,  were  combined,  after  being  magnetized,  and  formed  a 
small  masmet,  weighing,  in  amount  of  steel,  about  one  hundred 
grains.  From  a  want  of  knowledge,  at  that  time,  of  the  best 
mode  of  magnetizing  thin  plates,  the  power  obtained  was 
much  less  than  was  expectea ;  but  when  the  same  little  in- 
strument was  subsequently  majgnetized,  in  a  mass,  by  the 
process  hereafter  described,  its  emciency  became  very  struung^ 
— the  power  being  found  to  be  such  as  to  lift,  by  one  pole,  a 
polishra  nail  of  about  800  grains,  or  eight  times  its  owa 
weight. 

**  A  trial  apparatus,  of  the  nature  of  a  variation  needle,  on 
the  same  principle, — improved,  however,  for  this  purpose,  by 
the  separation  of  the  plates — was  constructed  in  the  year 
1836,  which  was  eidhibited  to  the  '  British  Assodatiw  for 
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the  Promotion  of  Science,'  the  same  year.  But  being  with- 
out any  precise  knowledge  of  the  laws  of  combination  in 
magnetized  plates,  or  even  of  the  actual  power  of  this  instru- 
ment, thougn  obviously  great,  a  mere  general  idea  only  of  its 
relative  superiority  could  then  be  obtained.  Since  that  time 
I  have  investigated,  in  an  elaborate  series  of  experiments,  and 
with  a  somewhat  expensive  variety  of  apparatus,  the  principles 
c^  the  construction  adopted,  so  as  satisfactorily  to  prove,  I 
conceive,  the  decided  advantage  of  that  construction  for  sea, 
and  other,  compasses,  and  to  apply  the  principle  to  various 
practical  purposes  in  magnetics. 

**  In  the  original  ^  variation  compass'  just  referred  to,  the 
plates,  as  I  have  intimated,  were  not  placed  in  immediate 
contact,  but  sepfiutited  by  thin  slips  of  wood  or  card-board ; 
for  I  had  previously  found,  when  combining  magnets  for  other 
purposes,  that  a  material  loss  of  power,  in  the  individual 
mtensities  of  th^  bars,  was,  in  all  cases^  occasioned  by  com- 
bination :  but  that,  when  the  combination  was  not  made  in 
contact,  an  inferior  deterioration  took  place. 

"  The  subjects  to  which  I  was  primarily  guided  by  these  pre- 
liminary considerations  and  results,  extended  to  the  following 
particuLeurs : — ^The  effect  of  the  division  in  various  directions 
of  the  mass  of  steel,  on  its  magnetic  capabilities, —  the  law 
of  combination  of  magnetized  steel  plates  in  contact — the 
law  of  combination  when  the  plates  are  separated  by  limited 
spaces — the  eflfect  of  temper  or  degree  of  hardness,  and  the 
degree  of  permanency  of  the  power  in  combinations  of  mag- 
netized steel  plates.  A  few  of  the  most  important  results 
obtained  from  these  investigations,  were  forwarded  to  the 
Institute  of  France,  in  February,  1838.  These  investigations 
proved  sufficient  to  show  that  the  idea  entertained  in  the 
outset^  of  practicability  of  producing,  by  means  of  combination 
of  magnetized  steal  plates,  more  powerful  apparatus  than  had 
hitherto  been  in  use,  for  experiment  and  observation  in  magnet- 
ical  science,  and  for  practical  purposes  in  magnetics  generally, 
was  not  incorrectly  founded.  But  the  most  important  practi- 
cal applications  of  these  principles^  with  the  results  of  several 
new  and  distinct  investigations,  yet  remain  behind.  The 
description  of  these,  in  the  first  instance,  is  the  object  of  the 
present  publication ;  and  it  is  hoped  that  the  results  will  be 
found  to  develop  some  new  and  some  improved  principles  of 
construction,  applicable  both  to  instruments  designed  to  be 
directed  by  the  earth's  magnetism,  and  to  the  improvement 
of  apparatus  in  which  a  permanent  and  concentrate  energy 
are  requisite ;  together  with  a  useful  application  of  some  of 
the  laws  developed  in  these  or  previous  investigations,  to  the 
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testing  of  the  quality  of  steely  and  the  determining  of  the 
degree  of  its  hardness,  purposes  of  the  highest  importance 
in  the  construction  of  delicate  instruments  used  in  the  arts, 
or  by  professional  men. 

''The  several  results  and  applications  of  these  recent 
personal  researches,  may  be  conveniently  classed  under 
separate  heads,  belonging  to  the  development  of  principles,  or 
of  different  practical  processes,  in  magnetism.  Some  of  these 
will,  no  doubt,  be  resolvable,  in  certain  particulars,  into 
principles  or  methods  heretofore  known ;  but,  in  all,  it  is  pre- 
sumed, something  peculiar,  as  to  decisiveness  of  the  results 
bearing  on  principles,  or  as  to  convenience  of  adaptation,  or 
efficacy  of  manipulation,  or  improvement  in  construction^  in 
regard  to  the  practical  subjects,  will  be  found." 

From  the  above  prefatory  chapter,  our  readers  will  dis- 
cover that  the  objects  of  Mr.  Scoresby's  investigations  are  of  a 
high  scientific  character ;  and  we  can  assure  them  that  we  have 
not  met  with  so  valuable  a  work  on  magnetics  as  that  before 
us,  since  the  appearance  of  the  second  edition  of  Mr.  Barlow's 
''  Magnetic  Attractions,"  a  work  of  great  merit,  and  intrinsic 
importance,  in  this  branch  of  physics.  It  is  such  productions 
as  these  that  every  scientific  man  delights  to  peruse;  and 
every  scientific  journalist  ought  to  take  a  pleasure  in  recom-* 
mending  to  his  readers.  Every  novel  fact  that  becomes  de- 
veloped by  physical  enquiries  gives  new  impulses  to  the  pur- 
suit, implants  an  additional  gem  in  the  diadem  of  science,  en- 
hances the  lustre  of  the  whole,  and,  sooner  or  later,  yields 
new  sources  of  comfort  and  happiness  to  man. 


X.    MISCELLANEOUS  ARTICLES. 

Galvanic  experiments  on  the  body  of  an  executed 
Murderer, 

Coleman,  a  mulatto,  who  murdered  his  wife,  was  executed 
at  New  York  on  the  15th  of  Feb.,  1839,  After  the  body  had 
hung  tor  about  a  quarter  of  an  hour  it  was  cut  down.  Mr. 
Chilton,  and  several  other  scientific  men,  then  operated  in  the 
following  way  on  the  corpse.  The  instrument  used  in  these 
experiments  was  a  newly  invented  one,  called  a  Galvanic 
Multiplier ;  the  whole  amount  of  zinc  sur&ce  exposed  to  the 
acid  was  about  one  foot,  and  yet  the  shock  produced  is  equal, 
if  not  greater,  than  that  of  a  battery  of  100  inch  plates. 
\st  Experiment. — The  lungs  were  filled  with  oxygen  gas. 
The  phrenic  nerve  and  eighth  pair  were  dissected  in  the  neck ; 
a  metallic  piece,  having  a  number  of  points  on  it,  was  placed 
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ov«r  the  ribs,  the  points  beine  inserted  through  the  skin.    The 
moment  the  lungs  were  filled  with  the  gas,  the  galvanic  cur- 
rent was  passed  from  the  nerves  at  the  neck  to  the  diaphragm. 
The  object  was  to  bring  about  respiration.     The  efl^t  pro- 
duced was,  violent  contraction  of  all  the  muscles,  the  chest 
heaved  but  no  air  appeared  to  enter  the  lungs,  the  head  and 
neck  were  thrown  on  one  side  by  the  spasm  produced.     2d» 
The  metallic  piece  was  removed  &om  the  abdomen,  and  an 
incision  was  made  through  the  cartilage  of  the  seventh  rib^ 
one  pole  of  the  instrument  was  placed  in  the  opening,  so  as  to 
touch  the  diaphragm ;  the  other  was  placed  on  the  neck.  The 
effect  produced  was  similar  to  the  first.     3d,     The  posterior 
tibial  nerve  at  the  heel  was  exposed ;  one  pole  applied  to  this 
the  other  to  the  neck.     Eflfect — the  muscle  of  the  leg  was 
thrown  into  action,  with  convulsive  movements  of  the  body. 
ith.     One  pole  was  held  at  the  tibian  nerve — the  mouth  was 
.  then  opened,  and  the  other  pole  put  into  it.     The  moment  it 
touched  the  tongue  the  teeth  became  firmly  clenched,  and 
held  so  hard  on  to  the  wire  as  to  require  considerable  force  to 
extricate  it.     This  was  repeated  several  times.     5th.    The 
next  experiment  was  to  try  the  effect  produced  by  merely  ap- 
plying the  poles  of  the  instrument  to  the  surface  of  the  body, 
previously  wetting  its  parts  with  a  saline  solution,  to  render 
the  contact  more  perfect.     The  effects  on  the  body  appeared 
quite  as  great  as  when  the  large  nerves  were  touched.     The 
poles  of  the  apparatus  were  placed  in  the  above  manner,  one 
to  the  leg,  the  other  to  different  parts  of  the  face.    The  fecial 
muscles  were  alternately  thrown  into  action  as  the  different 
nerves  of  the  face  were  touched.     The  effect  of  this  was  ter- 
rific in  the  extreme.     Every  muscle  of  the  grim  murderer's 
coimtenance  was  thrown  into  the  most  horrible  contortions : 
rage,  horror,  anguish,  and  despair,  the  most  rapid  smiles,  the 
most  hideous  expressions  of  contempt  and  hatred,  by  turns 
were  depicted  on  his  countenance,  and  gave  a  fearful  wildness 
to  his  face,  which  far  surpassed  even  the  most  vivid  imagina- 
tion from  Fuseli's  brain,  or  Kean's  scenic  display  that  we  ever 
witnessed.  Several  of  the  audience  were  excessively  appalled ; 
some  left  in  double  quick  time,  and  many  confessed,  that,  if 
they  had  staid,  they  certainly  should  have  fiunted.     At  one 
part  of  the  operations,  when  the  murderer  raised  his  right  arm 
and  passed  it  in  different  directions,  we  saw  the  cheeks  of 
several  stout  hearted  fellows  blanched  with  fear:    and  one, 
whose  name  we  do  not  wish  to  mention,  actually  whispered 
'^  sure,  be  has  come  to  life."    Above  an  hour  was  spent  in  the 
experiments,  and  then  the  prison  was  cleared  and  the  body 
removed  under  the  directions  of  the  surgeons. — Jersey  THmes 
and  Naval  and  Military  Chronicle. 
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On  Thursday  afternoon,  the  13th  of  June,  the  Town  of 
Croydon,  in  Surrey,  was  visited  by  a  most  tremendous  storm 
of  lightning  and  thunder.  It  commenced  about  5  o'clock  and 
raged  with  great  violence  for  a  considerable  time.  A  young 
man,  named  William  Mackrell,  in  the  employ  of  Mr.  Walters, 
of  Ridley  Oaks,  being  engaged  in  pitching  some  fold  stakes 
and  was  about  to  leave  his  work,  and  shelter  in  the  house, 
when  he  was  struck  by  the  electric  fluid  and  fell  to  the  ground 
quite  dead.  Some  stakes  which  he  held  in  his  hand  at  the 
time  were  shivered  to  pieces.  He  was  a  fine  strong  man, 
about  30  Tears  of  age.  A  great  deal  of  injury  was  done  to 
property  in  the  neighbourhood. 


To  obtain  Potassium  by  voltaic  action.  "A  thin  piece** 
of  hydrate  of  potassa  **  is  placed  between  two  discs  of  platina,  ^ 
connected  with  the  extremities  of  a  voltaic  apparatus  of  200* 
double  plates ;  it  will  soon  undergo  fusion,  oxygen  will  separate 
at  the  positive  surface,  and  small  globules  will  appear  at  the 
negative  surface,  which  consist  of  potassium."  1  discovered 
this  metal  in  the  beginning  of  October  1807.—  Sir  H.  Davy. 

One  hundred  two-inch  plates  of  a  Cruickshank's  battery  de- 
composes the  potassa  very  well.  If  the  battery  be  too  active 
the  liberated  potassium  is  apt  to  take  fire.  Edit. 


Amalgam  for  the  Rubbers  of  Electrical  Machines. 

*'  The  amalgam  which  I  use  is  made  by  melting  together 
one  ounce  of  tin  and  two  ounces  of  zinc,  which  are  mixed 
whilst  fluid,  with  six  ounces  of  mercury,  and  agitated  in  an 
iron  or  wooden  box  until  cold.  It  is  then  reduced  to  a  fine 
powder  in  a  mortar,  and  mixed,  with  sufficient  hog^s  lard  to 
form  a  paste."  Singer. 

Fuse  a  small  quantity  of  zinc  either  in  a  crucible  or  ladle, 
and  pour  it  gently  into  about  four  times  its  weight  of  mercury, 

Sreviously  heated  in  a  stone  or  iron  mortar,  and  stir  it  wdl 
uring  the  time  with  the  warm  pestle.  Continue  to  rub  the 
amalgam  till  quite  cool,  in  order  to  incorporate  the  two  metals 
completely ;  which  if  well  performed,  will  give  the  amalgam 
a  smooth  butter-like  consistence.  It  may  be  made  softer, 
if  necessary,  by  adding  mercury  during  the  process.  This 
amalgam,  mixed  with  a  very  little  tallow,  is  the  best  we  have 
yet  used.  Edit. 
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1234.  One  of  the  inductive  apparatus  already  described 
(1 187,  &c.)  ^ad  a  liemispherical  cup  of  shell  lac  introduced, 
which  beinjg^  in  the  interval  between  the  inner  ball  and  the 
lower  hemisphere,  nearly  occupied  the  space  there ;  conse- 
quently when  the  apparatus  was  charged,  the  lac  was  the  di- 
electric or  insulating  medium  through  which  the  induction 
took  place  in  that  part.  When  this  apparatus  was  first  charged 
with  electricity  (1198.)  up  to  a  certain  intensity,  as  400% 
measured  by  the  Coulomb's  electrometer  (1180.),  it  sank 
much  faster  from  that  degree  than  if  it  had  been  previously 
charged  to  a  higher  point,  and  had  gradually  fieillen  to  400  ; 
or  than  it  would  do  if  the  charge  were,  by  a  second  applica- 
tion, raised  up  again  to  400^;  all  other  things  remaining  the 
same.  Again,  if  after  having  been  charged  for  some  time,  as 
fifteen  or  twenty  minutes,  it  was  suddenly  and  perfectly  dis- 
charged, even  the  stem  having  all  electricity  removed  from  it 
(1203.),  then  the  apparatus  being  left  to  itself,  would  gradually 
recover  a  charge,  which  in  nine  or  ten  minutes  would  rise  up 
to  50**  or  60**,  and  in  one  instance  to  80®. 

1235.  The  electricity  which  in  these  cases  returned  from 
an  apparently  latent  to  a  sensible  state,  was  always  of  the 

♦  From  the  Transactions  of  the  Royal  Society. 
Vol.  IV.— flo.  20,  August,  1839.  F 
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same  kind  as  that  which  had  been  given  ))y  the  charge.  The 
return  took  place  at  both  the  inducing  surfaces ;  for  if  after  the 
perfect  discharge  of  the  apparatus  the  whole  was  insulated, 
as  the  inner  ball  resumed  a  positive  state  the  outer  sphere  ac- 
quir^d  a  negative  condition. 

1236.  This  effect  was  at  once  distinguished  from  that  pro- 
duced by  the  ^xcited  ^tem  acting  in  curved  linee  of  induction 
(1203.  1232.),  by  the  circumstance  that  all  the  returned  elec- 
tricity could  be  perfectly  and  instantly  discharged.  It  ap- 
pear^ to  depend  upon  the  shell  lac  within,  and  to  be,  in  some 
way,  due  to  electricity  evolved  from  it  in  consequence  of  a 
previous  condition  into  which  it  had  been  brought  by  ihe 
charge  of  the  metallic  coatings  or  balls. 

1237.  To  examine  this  state  more  accurately,  the  appa- 
ratus, with  the  hemispherical  cup  of  shell  lac  in  it,  was  charged 
for  about  forty-five  minutes  to  above  600^  with  positive  elec- 
tricity at  the  Dalis  h  and  B  (fig.  I ,  Plate  I.)  above  and  within. 
It  was  then  discharged,  opened,  the  sheU  lac  taken  out^  and 
its  state  examined ;  this  was  done  by  bringing  the  carrier  ball 
near  the  shell  lac,  uninsulating  it.  insulating  it,  and  then  ob- 
serving what  charge  it  had  acquired.  As  it  would  be  a  charge 
by  induction,  the  state  of  the  ball  would  indicate  the  opposite 
state  of  electricity  in  that  surface  of  the  shell  lac  which  had 
produced  it.  At  first  the  lac  appeared  quite  free  from  any 
charge ;  but  gradually  its  two  surfaces  assumed  opposite  states 
of  electricity,  the  concave  surface,  which  had  been  next  the 
inner  and  positive  ball,  assuming  a  positive  state,  and  the 
convex  surface,  which  had  been  in  contact  with  the  negative 
coating,  acquiring  a  negative  state ;  these  states  gradually 
increasing  in  intensity  for  some  time. 

l2o8.  As  the  return  action  was  evidently  greatest  instantly 
after  the  discharge,  I  again  put  the  apparatus  together,  and 
charged  it  for  fifteen  minutes  as  before,  the  inner  ball  posi- 
tively. I  then  discharged  it,  instantly  removing  the  upper 
hemisphere  with  the  interior  ball,  and,  leaving  the  shell  lac 
cup  in  the  lower  uninsulated  hemisphere,  examined  its  inner 
surface  by  the  carrier  ball  as  before  (1237.).  In  this  way  I 
found  the  surface  of  the  shell  lac  actually  negative^  or  in 
the  reverse  state  to  the  ball  which  had  been  in  it;  this  state 
quickly  disappeared,  and  was  succeeded  by  a  positive  condi- 
tion, gradually  increasing  in  intensity  for  some  time,  in  the 
same  manner  as  before.  This  first  negative  condition  of  the 
surface  opposite  the  positive  charging  ball  is  a  natural  con- 
sequence of  the  state  of  things,  the  charging  ball  being  in 
contact  with  the  shell  lac  only  in  a  few  points.  It  does  not 
interfere  with  the  general  result  and  peculiar  state  now  under 
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ccmsideration,  except  that  it  assists  in  illustrating  in  a  very 
marked  manner  the  ultimate  assumption  by  the  surfieices  of 
the  shell  lac  of  an  electrified  condition^  similar  to  that  of  the 
metallic  surfiEtces  opposed  to  or  against  them. 

1239.  Glass  was  then  examined  with  respect  to  its  power 
of  assuming  this  peculiar  state.  I  had  a  thick  flint  glass 
hemispherical  cup  formed^  which  would  fit  easily  into  the 
space  o  of  the  lower  hemisphere  (1188.  1189.);  it  had  been 
heated  and  varnished  with  a  solution  of  shell  lac  in  alcohol 
for  the  purpose  of  destroying  the  conducting  power  of  the 
vitreous  surface.  Being  then  well  warmed  and  experimented 
with^  I  found  it  could  also  assume  the  same  ^^a^e^  but  not  ap- 
parently to  the  same  degree,  the  return  action  amounting  in 
difierent  cases  to  quantities  from  6^  to  18^. 

1240.  Spermaceti  experimented  with  in  the  same  manner 
gave  striking  results.  When  the  original  charge  had  been 
sustained  for  fifteen  or  twenty  minutes  at  about  500^,  the  re- 
turn charge  was  equal  to  95°  or  100**,  and  was  about  fourteen 
minutes  arriving  at  the  maximum  effect.  A  charge  continued 
for  not  more  than  two  or  three  seconds  was  here  succeeded  by 
a  return  charge  of  50**  or  60**.  The  observations  formerly 
made  (1234.)  held  good  with  this  substance.  Spermaceti^ 
though  it  wiU  insulate  a  low  charge  for  some  time,  is  a  better 
conductor  than  shell  lac,  elass,  and  sulphur ;  and  this  con- 
ducting power  is  connected  with  its  readiness  in  exhibiting 
the  particular  efiect  under  consideration. 

1241.  Sulphur. — I  was  anxious  to  obtain  the  amount  of 
efiect  with  this  substance,  first,  because  it  is  an  excellent  in- 
sulator, and  in  that  respect  would  illustrate  the  relation  of  the 
effect  to  the  degree  of  conducting  power  possessed  by  the  di- 
electric (1247.);  and  in  the  next  place,  that  I  might  obtain 
that  body  giving  the  smallest  degree  of  the  efiect  now  under 
consideration,  for  the  investigation  of  the  question  of  specific 
inductive  capacity  (\271.). 

12-12.  "With  a  good  hemispherical  cup  of  sulphur  cast  solid 
and  sound,  I  obtained  the  return  charge,  but  only  to  an 
amount  of  17**  or  18**.  Thus  glass  and  sulphur,  which  ard 
bodily  very  bad  conductors  of  electricity,  and  indeed  almost 
perfect  insulators,  gave  very  little  of  this  return  charge. 

1243.  I  tried  the  same  experiment  having  aeV  only  in  the 
inductive  apparatus.  After  a  continued  high  charge  for  some 
time  I  could  obtain  a  little  effect  of  return  action,  but  it  was 
ultimately  traced  to  the  shell  lac  of  the  stem. 

1244.  I  sought  to  produce  something  like  this  state  with  one 
electric  power  and  without  induction ;  for  upon  the  theory 
of  an  electric  fluid  or  fluids,  that  did  not  seem  impossible, 

F2 
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and  then  I  should  have  obtained  an  absolute  charge  (1169. 
1177.),  or  something  equivalent  to  it.  In  this  1  could  not 
succeed.  I  excited  the  outside  of  a  cylinder  of  shell  lac  very 
highly  for  some  time,  and  then  quickly  discharging  it  (1203.), 
waited  and  watched  whether  any  return  charge  would  appear, 
but  such  was  not  the  case.  This  is  another  fact  in  favour  of 
the  inseparability  of  the  two  electric  forces,  and  another  argu- 
ment for  the  view  that  induction  and  its  concomitant  pheno- 
mena depend  upon  a  polarity  of  the  particles  of  matter. 

1245.  Although  inclined  at  first  to  refer  these  efl'ects  to  a 

rculiar  masked  condition  of  a  certain  portion  of  the  forces, 
think  I  have  since  correctly  traced  them  to  known  prin- 
ciples of  electrical  action.     The  efiects  appear  to  be  due  to 
an  actual  penetration  of  the  charge  to  some  distance  within 
the  electric,  at  each  of  its  two  surfaces,  by  what  we  call  con- 
duction ;  80  that,  to  use  the  ordinary  phrase,  the  electric 
forces  sustaining  the  induction  are  not  upon  the  metallic  sur- 
faces only,  but  upon  and  within  the  dielectric  also,  extending 
to  a  greater  or  smaller  depth  from  the  metal  linings.     Let  c 
(fig.  10.)  be  the  section  of  a  plate  of  any  dielectric,  a  and  b 
being  the  metallic  coatings ;  let  b  be  uninsulated,  and  a  be 
charged  positively ;  after  ten  or  fifteen  minutes,  if  a  and  b  be 
discharged,  insulated,  and  immediately  examined,  no  elec- 
tricity will  appear  in  them  ;  but  in  a  short  time,  upon  a  second 
examination,  they  will  appear  charged  in  the  same  way ;  though 
not  to  the  same  degree,  as  they  were  at  first.     Now  suppose 
that  a  portion  of  the  positive  force  has,  under  the  coercing  in- 
fluence of  all  the  forces  concerned,  penetrated  the  dielectric 
and  taken  up  its  place  at  the  line;?,  a  corresponding  portion 
of  the  negative  force  having  also  assumed  its  position  at  the 
line  n  ;  that  in  fact  the  electric  at  these  two  parts  has  become 
charged  positive  and  negative  ;  then  it  is  clear  that  the  induc- 
tion of  these  two  forces  will  be  much  greater  one  towards  the 
other,  and  less  in  an  external  direction,  now  that  they  are  at 
the  small  distance  n  p  from  each  other,  than  when  they  were 
at  the  larger  interval  a  b.     llien  let  a  and  b  be  discharged; 
the  discharge  destroys  or  neutralizes  all  external  induction, 
and  the  coatings  are  therefore  found  by  the  carrier  ball  un- 
electrified;  but  it  also  removes  almost  the 'whole  of  the  forces 
by  which  the  electric  charge  was  driven  into  the  dielectric, 
and  though  probably  a  part  goes  forward  in  its  passage  and 
terminates  in  what  we  call  discharge,  the  greater  portion 
returns  on  its  course  to  the  surfaces  of  c,  and  consequently  to 
the  conductors   a    and    b,   and  constitutes  the    re-charge 
observed. 

1246.  The  following  is  the  experiment  on  which  I  rest  for 
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the  trath  of  this  view.  Two  plates  of  spermaceti,  d  and  / 
(fig.  11.),  were  put  together  to  form  the  dielectric,  a  and  b 
being  the  metallic  coatings  of  this  compound  plate,  as  before. 
The  sTstem  was  charged,  then  discharged,  insulated,  ex- 
aoiined,  and  found  to  give  no  indications  of  electricity  to  the 
carrier  ball.  l*he  plates  d  and /*  were  then  separated  from 
each  other,  and  instantly  a  with  d  was  found  in  a  positive  state^ 
and  b  withy  in  a  negative  state,  nearly  all  the  electricity 
being  in  the  linings  a  and  6.  Hence  it  is  clear  that,  of  the 
foTCBA  sought  for,  the  positive  was  in  one  half  of  the  com- 
pound plate  and  the  negative  in  the  other  half;  for  when  re- 
moved bodily  with  the  plates  from  each  other's  inductive 
influence^  they  appeared  in  separate  places,  and  resumed  of 
necessity  their  power  of  acting  by  induction  on  the  electricity 
of  sorroonding  bodies.  Had  the  effect  depended  upon  a  pe- 
culiar relation  of  the  contiguous  particles  of  matter  only,  then 
each  half  plate,  d  and^,  should  have  shown  positive  force  on 
(me  surface  and  negative  on  the  other. 

1247.  Thus  it  would  appear  that  the  best  solid  insulators^ 
such  as  shell  lac,  glass,  and  sulphur,  have  conductive  pro* 
perties  to  such  an  extent,  that  electricity  can  penetrate  them 
bodily,  though  always  subject  to  the  overruling  condition  of 
induction  (1 178.).  As  to  the  depth  to  which  the  forces  pene- 
trate in  this  form  of  charge  of  the  particles,  theoretically,  it 
should  be  throughout  the  mass,  for  what  the  charge  of  the 
metal  does  for  the  portion  of  dielectric  next  to  it,  should  be 
done  by  the  chargra  dielectric  for  the  portion  next  beyond  it 
again ;  but  probably  in  the  best  insulators  the  sensible  charge 
is  to  a  very  small  depth  only  in  the  dielectric,  for  otherwise 
more  would  disappear  in  the  first  instance  whilst  the  original 
charge  is  sustained,  less  time  would  be  required  for  the  as- 
sumption of  the  particular  state,  and  more  electricity  would 
re-appear  as  return  charge. 

1248.  The  condition  of  time  required  for  this  penetration 
of  the  charge  is  important^  both  as  respects  the  general  rela- 
tion of  the  cases  to  conduction,  and  also  the  removal  of  an 
objection  that  might  otherwise  properly  be  raised  to  certain 
recnlts  respecting  specific  inductive  capacities,  hereafter  to  be 
given  (1269.  1277.). 

1249.  It  is  the  assumption  for  a  time  of  this  charged  state 
of  the  glass  between  the  coatings  in  the  Leyden  jar,  which 
gives  origin  to  a  well-known  phenomenon,  usually  referred  to 
the  diffusion  of  electricity  over  the  uncoated  portion  of  the 
glass,  namely,  the  residual  charge.  The  extent  of  charge 
which  can  spontaneously  be  recovered  by  a  large  battery,  after 
perfect  aninsulation  of  both  surfaces,  is  very  considerable,  an4 
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by  far  the  largest  portion  ci  this  is  doe  to  the  return  of  elec- 
tricity in  the  manner  described.  A  pktte  of  shell  lac  six 
inches  square,  and  half  an  inch  thick,  or  a  similar  plate  of 
spermaceti  an  inch  thick,  being  coated  on  the  sides  with  tin- 
foil as  a  Leyden  arrangement,  will  show  this  efiect  exceed* 
ingly  well. 

1250.  The  peculiar  condition  of  dielectrics  which  has  now 
been  describea,  is  evidently  capable  of  producing  an  effect 
interfering  with  the  results  and  conclusions  drawn  from  the  use 
of  the  two  inductive  apparatus,  when  shell  lac,  glass,  &c.  are 
used  in  one  or  both  of  them  (1192.  1207.);  for  upon  dividing 
the  charge  in  such  cases  according  to  the  method  described 
(1 198.  1207.),  it  is  evident  that  the  one  just  receivingits  half 
charge  must  fell  faster  in  its  tension  than  the  other.  For  sup- 
pose app.  i.  first  charged,  and  app.  ii.  used  to  divide  with  it; 
though  both  may  actually  lose  alike,  yet  app.  i.,  which  has 
been  diminished  one  haU,  will  be  sustainedby  a  certain  de- 
gree of  return  action  or  charge  (1234.),  whilst  app.  ii.  will 
sink  the  more  rapidly  from  the  coming  on  of  the  particular 
state.  I  have  endeavoured  to  avoid  this  interference  by  per- 
forming the  whole  process  of  comparison  as  quickly  a«  pos- 
sible, and  taking  the  force  of  app.  ii.  immediately  after  the  di- 
vision, before  any  sensible  diminution  of  the  tension  arising 
from  the  assumption  of  the  peculiar  state  could  be  produced ; 
and  I  have  assumed  that  as  about  three  minutes  pass  between 
the  first  charge  of  app.  i.  and  the  division,  and  three  minutes 
between  the  division  and  discharge,  when  the  force  of  the 
non-transferable  electricity  is  measured,  the  contrary  ten- 
dencies for  those  periods  would  keep  that  aj^ratus  in  a  mo- 
derately steady  and  uniform  condition  for  the  latter  portion 
of  time. 

1251.  The  particular  action  described  occurs  in  the  shell 
lac  of  the  stems,  as  well  as  in  the  dielectric  used  within  the 
iqp|>aratus.  It  therefore  constitutes  a  cause  by  which  the  out- 
side of  the  stems  may  in  some  operations  become  charged 
with  electricity,  independent  of  the  action  of  dust  or  carrying 
particles  (1203.). 

1[v.    On  specific  Induction,  or  Specific  inductive  Capacity. 

1252.  I  now  proceed  to  examine  the  great  question  of 
spedfic  inductive  capacity,  i.  e.  whether  different  dieleotrio 
bodies  actually  do  possess  any  influence  over  the  degree  of 
induction  which  takes  fiace  throueh  them.  If  any  such  dif- 
ference should  exist,  it  appeared  to  me  not  only  of  high 
importance  in  the  farther  comprehension  of  the  laws  and 
results  of  induction,  but  an  additicmal  aad  very  poverfii) 
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axgame&t  fior  the  theory  I  have  ventured  to  pat  forth,  that 
the  whole  dqpends  upon  a  mcdecahur  action,  in  contradistinc* 
tion  to  one  at  sensible  distances. 

The  question  may  be  stated  thus :  suppose  A  an  dectri* 
fied  plate  of  metal  suspended  in  the  air,  and  B  and  C  two 
exactly  similar  plates,  placed  parallel  to  and  on  each  side  oi 
A  at  equal  distances  imd  uninsulated;  A  will  then  induce 
equally  towards  H  and  C.  If  in  this  position  of  the  plates 
some  other  dielectric  than  air,  as  shell  lac,  be  introduced  be- 
tween A  and  C,  will  the  induction  between  them  remain  the 
same?  Will  the  relation  of  C  and  B  to  A  be  unaltered,  notwith- 
standing the  difference  of  the  dielectrics  interposed  between 
them? 

1253.  As  ftur  as  I  recollect,  it  is  assumed  that  no  change 
will  occur  under  such  variation  of  circumstances,  and  that 
the  relations  of  B  and  C  to  A  depend  entirely  upon  their  dis- 
tance. I  only  remember  one  experimental  illustration  of  the 
question,  and  that  is  by  Coulomb,*  in  which  he  shows  that 
a  wire  surrounded  by  shell  lac  took  exactly  the  same  quantity 
of  electricity  from  a  charged  body  as  the  same  wire  in  air. 
The  experiment  offered  to  me  no  proof  of  the  truth  of  the 
supposition,  for  it  is  not  the  mere  films  of  dielectric  substance^ 
surrounding  the  charged  body  which  have  to  be  examined 
and  compared,  but  the  whole  mass  between  that  body  and  the 
surrounding  conductors  at  which  the  induction  terminates. 
Charge  depends  upon  induction  (1171.  1178.);  andifinduc- 
ti<m  relate  to  the  particles  of  the  surrounding  dielectric,  then 
it  relates  to  all  the  particles  of  that  dielectric  inclosed  by  the 
surrounding  conductors,  and  not  merely  to  the  few  situated 
next  to  the  charged  body.  Whether  the  difference  I  sought 
for  existed  or  not,  I  soon  found  reason  to  doubt  the  conclu- 
9Hm  that  m^ht  be  drawn  from  Coulomb's  result,  and  there- 
fere  had  the  apparatus  made,  which,  with  its  use.  has  been 
already  described  ( 1 187,  &c.),  and  which  appears  to  me  well 
suited  for  the  investigation  of  the  question. 

1254.  Glass,  andmuiy  bodies  which  might  at  first  be  con- 
sidered as  very  fit  to  test  the  principle,  proved  exceedingly 
unfit  for  that  purpose.  Glass,  principally  in  consequence  of 
the  alkali  it  contains,  however  well  warmed  and  dried  it  may 
be,  has  a  certain  degree  of  conducting  power  upon  its  sur- 
fiice,  dependent  upon  the  moisture  of  the  atmosphere,  which 
renders  it  unfit  for  a  test  experiment.  Resin,  wax,  naphtha, 
oil  of  turpentine,  and  many  other  substances  were  in  turn  re- 
jected,  because  of  a  slight  degree  of  conducting  power  pos- 

*  M^oires  de  I'Acad^mie,  1787,  pp.  45^  45S. 
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seseed  by  them ;  and  ultimately  shell  lac  and  sulphur  were 
chosen^  after  many  expeiimeutSy  as  the  dielectrics  best  fitted 
for  the  investigation.  No  difficulty  can  arise  in  perceiving 
how  the  possession  of  a  feeble  degree  of  conducting  power 
tends  to  make  a  body  produce  effects,  which  would  seem  to 
indicate  that  it  had  a  greater  capability  of  allowing  induction 
through  it  than  another  body  perfect  in  its  msulation.  This 
source  of  error  has  been  the  one  I  have  found  most  difficult 
to  obviate  in  the  proving  exp^ments. 

1255.  Induction  through  Shell  lac^ — Asa  preparatory  ex-* 
periment>  I  first  ascertained  ffenerally  that  when  a  pa^  of  the 
surface  of  a  thick  plate  of  snell  lac  was  excited  or  charged, 
there  was  no  sensible  difference  in  the  character  of  the  induc- 
tion sustained  by  that  charged  part,  whether  exerted  through 
the  air  in  the  one  direction,  or  through  the  shell  lac  of  the 

Elate  in  the  other :  provided  the  second  surface  of  the  plate 
ad  not,  by  contact  with  conductors,  the  action  of  dujst,  or 
any  other  means,  become  charged  (1203.).  Its  solid  con- 
dition enabled  it  to  retain  the  excited  particles  in  a  perma- 
nent position,  but  that  appeared  to  be  all ;  for  these  particles 
acted  just  as  freely  through  the  shell  lac  on  one  side  as 
through  the  air  on  the  other.  1  he  same  general  experiment 
was  made  by  attaching  a  disc  of  tin  foil  to  one  side  of  the 
shell  lac  plate,  and  electrifying  it,  and  the  results  were  the 
same.  Scarcely  any  other  solid  substance  than  shell  lac  and 
sulphur,  and  no  liquid  substance  that  I  have  tried,  will  bear 
this  examination.  Glass  in  its  ordinary  state  utterly  fails ; 
yet  it  was  essentially  necessary  to  obtain  this  prior  degree  of 
perfection  in  the  dielectric  used,  before  any  further  progress 
could  be  made  in  the  principal  investigation. 

1256.  Shell  lac  and  air  were  compared  in  the  first  place. 
For  this  purpose  a  thick  hemispherical  cup  of  shell  lac  was 
introduced  into  the  lower  hemisphere  of  one  of  the  inductive 
apparatus  (1 187,  &c.),  so  as  nearly  to  fill  the  lower  half  of  the 

r8  o,  o,  o,  o,  (fig.  1 .)  between  it  and  the  inner  ball ;  and  then 
ges  were  divided  in  the  manner  already  described  (1198. 
1207.),  each  apparatus  being  used  in  turn  to  receive  the  first 
charge  before  its  division  by  the  other.  As  the  apparatus 
were  known  to  have  equal  inductive  power  when  air  was  in 
both  (1209.  1211.),  any  differences  resulting  from  the  intro- 
duction of  the  shell  lac  would  show  a  peculiar  action  in  it, 
and  if  uneqivocally  referable  to  a  specific  inductive  influence, 
would  establish  the  point  sought  to  be  sustained.  I  have  al- 
ready referred  to  the  precautions  necessary  in  making  the  ex- 
periments (1199,  &c.);  and  with  respect  to  the  error  which 
might  be  introduced  by  the  a^sunaption  of  the  peccUiar  state, 
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it  was  guarded  against  as  fiur  as  possible  in  the  first  place^  by 
cqierating  quickly  (1248.),  and  afterwards  by  using  that  di- 
eleetric  as  glass  or  sulphur^  which  assumed  the  peculiar  state 
most  dowU,  and  in  the  least  degree  (1239.  124L). 

1257.  The  shell  lac  hemisphere  was  put  into  app.  i.,  and 
vpp.  iL  left  filled  with  air.  1  he  results  of  an  experiment  in 
which  die  diarge  through  air  was  divided  and  reduced  by  the 
diell  lac  iq[>p.  were  as  foUows : 

App.  i.     Lac.  App.  ii.    Air. 

Balls  255^ 

0° 

....      304** 

297 

Charge  divided.. 
113°    .... 

....        12r 
0    .     .     .     .  after  being  discharged. 

.     .     .     .  7  after  being  discharged. 

1258.  Here  297%  minus  T,  or  290%  may  be  taken  as  the 
divisible  charge  of  app.  ii.  (the  7°  being  &Led  stem  action 
(1203.  1232.);,  of  which  145**  is  the  halt  The  lac  app.  i. 
gave  1 13°  as  the  power  or  tension  it  had  acquired  after  aivi-  ^ 
sion ;  and  the  air  app.  ii.  gave  121  "'y  minus  7°,  or  1 14°,  as  the 
force  it  possessed  from  what  it  retained  of  the  divisible  charge 
of  290°.  These  two  numbers  should  evidently  be  alike,  and 
they  are  very  nearly  so,  far  indeed  within  the  errors  of  ex- 
penment  and  observation.  But  these  numbers  difier  very 
much  from  145°,  or  the  force  which  the  half  charge  would 
have  had  if  app.  i.  had  contained  air  instead  of  shell  lac ;  and 
it  a{q>ear8  that  whilst  in  the  division  the  induction  through 
the  air  has  lost  176°  of  force,  that  through  the  lac  has  omy 
gained  113°. 

1259.  If  this  diflference  be  assumed  as  depending  entirely 
on  the  greater  facility  possessed  by  shell  lac  of  allowing  or 
causing  inductive  action  through  its  substance  than  that  pos- 
sessed by  air,  then  this  capacity  for  electric  induction  would 
be  inversdy  as  the  respective  loss  and  gain  indicated  above ; 
and  assuming  the  capacity  of  the  air  apparatus  as  1,  that  of 
the  shell  lac  apparatus  would  be  |f  ^,  or  1*55. 

1260.  This  extraordinary  difierence  was  so  uneiq>ected  in 
its  amount,  as  to  excite  the  greatest  susfMcion  of  the  general 
accuracy  of  the  experiment,  though  the  perfect  discharge  of 
app.  i.  after  the  division  showed  that  the  1 13°  had  bami  taken 
and  given  up  readily.  It  was  evident  that,  if  it  really  existed, 
it  ought  to  produce  corresponding  efifocts  in  the  reverse  order; 
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and  that  when  induction  through  shell  lac  was  converted  into 
induction  through  air,  the  force  or  tension  of  the  whole  ought 
to  be  increased.  The  app.  i.  was  therefore  charged  in  the 
first  place,  and  its  force  divided  with  app.  iL  The  following 
were  the  results : 

App.  i.    Lac.  -^PP*  ^^*    -^^i** 

215^  '.     \    '.     '. 
204    ...     . 

Charge  divided. 

....       118 
118     ...     . 

.     .     .     .  0  after  being  discharged. 

0    .     .     .     .  after  being  discharged. 

1261.  Here  204°  must  be  the  utmost  of  the  divisible 
charge.  The  app.  i.  andii.  present  118"*  as  their  respective 
forces ;  both  now  much  above  the  half  of  the  first  force,  or 
102%  whereas  in  the  former  case  they  were  below  it.  The 
lac  app.  i.  has  lost  only  86%  yet  it  has  given  to  the  air  app. 
ii.  US'*,  so  that  the  lac  still  appears  much  to  surpass  the  air, 
the  capacity  of  the  lac  app.  i.  to  the  air  app.  ii.  being  as  1*37 
to  1. 

1262.  The  difference  of  1-55  and  1*37  as  the  expression  of 
the  capacity  for  the  induction  of  shell  lac  seems  considerable, 
but  is  in  reality  very  admissible  under  the  circumstances,  for 
both  are  in  error  in  contrary  directions.  Thus  in  the  last  ex- 
periment the  charge  fell  from  215*  to  204*  by  the  joint  effects 
of  dissipation  and  absorption  (1192.  1250.),  during  the  time 
which  elapsed  in  the  electrometer  operations,  between  the  ap- 
plications of  the  carrier  ball  required  to  ffive  those  two  results. 
Nearly  an  equal  time  must  have  elapsed  between  the  appli- 
cation of  the  carrier  which  gave  the  204°  result,  and  the 
division  of  the  charge  betweoo.  the  two  apparatus ;  and  as  the 
faU  in  force  progressively  decreases  in  amount  (1 192.),  if  in 
this  case  it  be  tdten  at  6  only,  it  will  reduce  the  whole  trans- 
ferable charffe  at  the  time  of  division  to  198*  instead  of  204°; 
this  diminishes  the  loss  of  the  shell  lac  charge  to  80*  instead 
of  86*;  a&d  tiien  the  expression  of  specific  capacity  for  it  is 
increased,  and,  instead  of  1  '37°,  is  1  *47  times  that  of  air. 

1263.  Applying  the  same  correction  to  the  former  experi- 
ment in  which  air  vths  first  charged,  the  result  is  of  the  com* 
trary  kind.  No  shell  lac  hemisphere  was  then  in  the  appa-^ 
ratus,  and  therefore  the  loss  would  principally  be  from  dissi-^ 
pation,  and  not  from  absorption ;  hence  it  would  be  tiearer  to 
the  degree  of  loss  shown  by  the  numbers  304°  and  297°,  and 
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Wmg  assumed  as  6°  would  redaee  the  divisible  charge  to 
284\  In  that  case  the  air  would  ha?e  lost  IWy  and  com- 
muBicated  only  1 13°  to  the  shell  lac ;  and  the  relative  spe* 
cific  capacity  of  the  latter  would  appear  to  be  1*50,  which  is 
very  little  indeed  removed  from  1*479  the  expression  given  by 
the  second  experiment  when  corrected  in  the  same  way. 

1264.  llie  shell  lac  was  then  removed  from  app.  i.  and  put 
into  app.  ii.  sxkd  the  experiments  of  division  again  made«  I 
give  the  results,  because  1  think  the  importance  of  the  point 
justifies  and  even  requires  them. 

App.  i.  Air.  App.  ii.  Lac. 

Balls  aoo^ 

286° 

283 

Charge  divided. 
.     .    .^.    .    .     .     110 

109 

0*25  after  discharge. 

Trace after  discharge. 

Here  app.  i.  retained  109^  having  lost  174"*  in  communi- 
cating 110  to  app.  ii.;  and  the  capacity  of  the  air  app.  is  to 
the  lac  app.,  therefore,  as  1  to  1*58.  if  the  divided  charge 
be  corrected  for  an  assumed  loss  of  only  3%  being  the  amount 
of  previous  loss  in  the  same  time,  it  will  make  the  capacity 
of  the  shell  lac  app.  1  *55  only. 

1265.  Then  app.  ii.  was  charged,  and  the  charge  divided 
thus: 

App*  i.  Air.  App.  ii.  Lac 

0** 

256° 

.......      251 

Charge  divided. 

146 

149 

a  little after  discharge. 

a  little  after  discharge. 

.  Here  app.  L  acquired  a  charge  of  146%  while  app.  ii.  lost 
only  102*  in  communicating  that  amount  offeree;  the  capa? 
cities  being,  therefore,  to  each  other  as  1  to  1*43.  If  the 
whole  transiferable  charge  be  corrected  for  a  loss  of  4"^  pre* 
vious  to  division,  it  gives  the  expression  of  1*49  for  the  capa- 
city of  the  shell  lac  apparatus. 

1266.  These  four  expressions  <^  1*47,  1*50,  1*55,  and  1*49 
fisr  the  power  of  th^  shdl  lac  apparatus,  through  the  ditier^nt 
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variations  of  the  experiment,  are  very  near  to  each  other ;  the 
average  is  close  upon  1*5,  which  may  hereafter  be  used  as  the 
expression  of  the  result.  It  is  a  very  important  result ;  and 
showing  for  this  particular  piece  of  shell  lac  a  decided  supe- 
riority over  air  in  allowing  or  causing  the  act  of  induction,  it 
proved  the  growing  necessity  of  a  more  close  and  rigid  exa- 
mination of  the  whole  question. 

1267.  The  shell  lac  was  of  the  best  quality,  and  had  been 
ci^efuUy  selected  and  cleaned ;  but  as  tne  action  of  any  con- 
ducting particles  in  it  would  tend,  virtually,  to  diminish  the 
quantity  or  thipkness  of  the  dielectric  used,  and  produce 
effects  as  if  the  two  inducing  surfaces  of  the  conductors  in  that 
apparatus  were  nearer  together  than  in  the  one  with  air  only, 
I  prepared  another  shell  lac  hepaisphere,  of  which  the  material 
had  been  dissolved  in  stropg  9pirit  of  wine,  the  solution  fil- 
tered, and  then  carefully  evaporated.  This  is  not  an  easy 
operation,  for  it  is  difficult  to  drive,  off  the  last  portions  of 
alcohol  without  injuring  the  lac  by  the  heat  applied ;  and 
unless  they  be  dissipated,  the  substance  left  conducts  too  well 
to  be  used  in  these  experiments.  I  prepared  two  hemispheres 
this  way,  one  of  them  unexceptionable  ;  and  with  it  I  repeated 
the  former  experiments  with  all  precautious.     The  results 

.  were  exactly  of  the  same  kind ;  the  following  expressions  for 
the  capacity  of  the  shell  lac  apparatus^  wheuier  it  were  app. 
i.  or  ii.,  being  given  directly  by  the  experiments  1*46,  TSO, 
1*52, 1*51 ;  the  average  of  these  and  several  others  being  very 
nearly  1*5. 

1268.  As  a  final  check  upon  the  general  conclusion,  I  then 
actually  brought  the  surfaces  of  the  air  apparatus,  correspond- 
ing to  the  place  of  the  shell  lac  in  its  apparatus,  nearer 
together,  by  putting  a  metallic  lining  into  the  lower  hemi- 
sphere of  the  one  not  containing  the  lac  (1213.).  The  dis- 
tance of  the  metal  surface  from  the  carrier  ball  was  in  this 
way  diminished  from  0'62  of  an  inch  to  0'435  of  an  inch> 
whilst  the  interval  occupied  by  the  lac  in  the  other  apparatus 
remained  0*62  of  an  ii^ch  as  before.  Notwithstanding  this 
change,  the  lac  apparatus  showed  its  former  superiority ;  and 
whether  it  or  the  air  apparatus  was  charged  first,  the  capacity 
of  the  lac  apparatus  to  the  air  apparatus  was  by  the  experi- 
mental results  as  1*45  to  1. 

1269.  From  all  the  experiments  I  have  made,  and  their 
constant  results,  I  cannot  resist  the  conclusion  that  shell  lac 
does  exhibit  a  case  of  specific  inductive  capacity.  I  have 
tried  to  check  the  trials  in  every  way,  and  if  not  remove,  at 
least  estimate,  every  source  of  error.  That  the  final  result  is  not 
due  to  common  conduction  is  shown  by  the  capability  of  the 
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apparatus  to  retain  the  communicated  charge ;  that  it  is  not 
due  to  the  conductive  power  of  iilclosed  small  particles^  by 
which  they  could  acquire  a  polarized  condition  as  conductors, 
is  shown  by  the  eflecta  of  the  shell  lac  purified  by  alcohol ; 
and,  that  it  is  not  due  to  any  influence  of  the  charged  state, 
formerly  described  (1250.),  first  absorbing  and  then  evolvine 
electricity,  is  indicated  by  the  instantaneous  assumption  and 
discharge  of  those  portions  of  the  power  which  are  concerned 
in  the  phenomena,  that  efiect  occurring  in  these  cases,  as  in 
all  others  of  ordinary  induction  by  charged  conductors.  1'he 
latter  argument  is  the  more  striking  in  the  case  where  the  air 
apparatus  is  employed  to  divide  the  charge  with  the  lac  ap- 
paratus, fiir  it  obtains  its  portion  of  electricity  in  an  instant^ 
and  yet  is  charged  far  above  the  mean. 

1270.  Admitting  for  the  present  the  general  fact  sought  to 
be  proved ;  then  1*5,  though  it  expresses  the  capacity  of  the 
apparatus  containing  the  hemisphere  of  shell  lac,  by  no  means 
expresses  the  relation  of  lac  to  air.  The  lac  only  occupies 
one  half  of  the  space  o,  o,  of  the  apparatus  containing  it, 
through  which  the  induction  is  sustamed :  the  rest  is  filled 
with  air,  as  in  the  other  apparatus ;  and  if  the  effect  of  the 
two  upper  halves  of  the  globes  be  abstracted,  then  the  com- 
parison of  the  shell  lac  powers  in  the  lower  half  of  the  one, 
with  the  power  of  the  air  in  the  lower  half  of  the  other,  will 
be  as  2  :  1 ;  and  even  this  must  be  less  than  the  truth,  for  the 
induction  of  the  upper  part  of  the  apparatus,  i.e.  of  the  wire 
and  ball  B  (fig.  1.)  to  external  objects,  must  be  the  same  in 
both^  and  considerably  diminish  the  difference  dependent 
upon,  and  really  producible  by,  the  influence  of  the  shell  lac 
within. 

1271.  Glass. — I  next  worked  with  glass  as  the  dielectric. 
It  involved  the  possibilitv  of  conduction  on  its  surface,  but  it 
excluded  the  idea  of  conducting  particles  within  its  substance 
(1267.)  other  than  those  of  its  own  mass.  Besides  this  it  does 
not  assume  the  charged  state  (1239.)  so  readily,  or  to  such 
an  extent  as  shell  lac. 

1272.  A  thin  hemispherical  cup  of  glass  beinff  made  hot 
was  covered  with  a  coat  of  shell  lac  dissolved  in  alcohol,  and 
after  being  dried  for  many  hourd  in  a  hot  place,  was  put  into 
the  apparatus  and  experimented  with.  It  exhibitea  effects 
so  slight,  that  though  they  were  in  the  direction  indicating  a 
superiority  of  glass  over  air,  they  were  allowed  to  pass  as 
possible  errors  of  experiment ;  and  the  glass  was  considered 
as  producing  no  sensible  efiect. 

1273.  I  then  procured  .a  thick  flint  class  hemispherical  cup 
resembling  that  of  shell  lac  (1239.),  but  not  filling  up  the 
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space  Oy  Oy  so  well.  Its  average  thickness  was  0*4  of  an  mch, 
there  being  an  additional  thickness  of  air,  averaging  0*22  oi 
an  inch>  to  make  up  the  whole  space  of  0*62  of  an  inch  be- 
tween the  inducting  metallic  surraces.  It  was  covered  with 
a  fihn  of  shell  lac  as  the  former  was,  (1272.)  and  being  made 
very  warm,  was  introduced  into  the  apparatus,  also  warmed, 
and  experiments  made  with  it  as  in  the  former  instances 
(1257.  &c.).  The  general  results  were  the  same  as  with 
shell  lac,  i.e.  glass  surpassed  air  in  its  power  of  f&vouring 
induction  through  it.  The  two  best  results  as  respected 
the  state  of  the  apparatus  for  retention  of  charge,  &c., 
gave,  when  the  air  apparatus  was  charged  first  1*336,  and 
when  the  glass  apparatus  was  charged  first  1*45,  as  the  spe- 
cific inductive  capacity  for  glass,  both  being  without  correc- 
tion. The  average  of  nine  results,  four  with  the  glass  ap- 
paratus first  charged,  and  five  with  the  air  apparatus  firat 
charged,  gave  1  *38  as  the  power  of  the  glass  apparatus ;  1  *22 
and  1*46  being  the  minimum  and  maximum  numbers  with  all 
the  errors  of  experiment  upon  them.  In  all  the  ex^^eriments 
the  glass  apparatus  took  up  its  inductive  charge  mstantl^, 
and  lost  it  as  readily ;  and  auring  the  short  time  of  each  ex^ 
periment,  acquired  the  peculiar  state  in  a  small  degree  only, 
so  that  the  ii^uence  of  this  state,  and  also  of  conduction  upon 
the  results,  must  have  been  small. 

1274.  Allowing  specific  inductive  capacity  to  be  proved 
and  active  in  this  case,  and  1*38  as  the  expression  for  the 
glass  apparatus,  then  the  specific  inductive  capacity  of  flint 
glass  will  be  above  1*76,  not  forgetting  that  this  expression  is 
for  a  piece  of  glass  of  such  thickness  as  to  occupy  not  quite 
two-thirds  of  the  space  through  which  the  induction  is  sus- 
tained (1273.  1253.). 

1275.  Sulphur, — The  same  hemisphere  <^  this  substance 
was  used  in  app.  ii.  as  was  formerly  referred  to  (1242).  The 
experiments  were  well  made,  i  e.  the  sulphur  itself  was  free 
from  charge  both  before  and  after  each  experiment,  and  no 
action  from  the  stem  appeared  (1203.  1232.),  so  that  no  cor- 
rection was  required  on  that  score.  The  following  are  the 
results  when  the  air  apparatus  was  first  charged  and  divided : 

App.  i.    Air*  App.  ii.   Sulphun 

Balls  280* 
0-     .     .     .     . 

0" 

438 

434 
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App.  L    Air.  App.  ii.  Salphur. 

Charge  divided. 

162 

164 

160 

162 

0. after  discharge. 

0 after  discharge. 

Here  app.  i.  retained  164°^  having  lost  27C  in  communi- 
cating 162''  to  app.  ii.^  and  the  capacity  of  the  air  apparatus 
is  to  that  of  the  sulphur  apparatus  as  1  to  1*66. 

1276.  Then  the  sulphur  apparatus  was  charged  firsts  thus: 

App.  i.  -^PP*  ii« 

0^ 

0° 

395 

388 

Charge  divided. 
237 

238 

0 after  discharge. 

.     .     .     •     •        0  after  discharge. 

Here  app.  ii.  retained  238°,  and  gave  up  ISO''  in  communi- 
cating a  charge  of  237°  to  app.  i.,  and  the  capacity  of  the  air 
amMuratus  is  to  that  of  the  sulphur  apparatus  as  1  to  1*58. 
'Diese  results  are  very  near  to  each  other^  and  we  may  take  the 
mean  1*62  as  r^resenting  the  specific  inductive  capacity  of 
the  sulphur  apparatus;  in  which  case  the  specific  inductive 
capacity  of  sulphur  itself  is  compared  to  air  =  1  (1270.)  will 
be  about  or  above  2*24. 

1277.  This  result  with  sulphur  I  consider  as  one  of  the 
most  unexceptionable.  l*he  substance  when  ftised  was  per- 
fectly clear,  pellucid,  and  free  from  particles  of  dirt  (1267.), 
so  that  no  interference  of  small  conducting  particles  confiised 
the  result  The  body  when  solid  is  an  excellent  insulator, 
acnd  by  experiment  was  found  to  take  up,  with  great  slowness, 
that  state  (1241.  1242.)  which  alone  seemed  l^ly  to  disturb 
the  conclusion.  The  experiments  themselves,  also,  were  free 
from  any  need  of  correction.  Yet  notwithstanding  these  cir- 
cumstances, so  fevouraUe  to  the  exclusion  of  error,  the  result 
is  a  higher  specific  inductive  capacity  for  sulphur  than  for  any 
other  body  as  yet  tried ;  and  thouffh  this  may  in  part  be  due 
to  the  sulphur  being  in  a  better  shape,  i.  e.  fiUing  up  more 
completely  the  space  o,  o,  (fig.  1.)  than  the  cups  of  shell-lac 
and  glass,  still  I  feel  satisfied  that  the  experiments  altogether 
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fully  prove  the  existence  of  a  difference  between  dielectrics  as 
to  their  power  of  favouring  an  inductive  action  through  them ; 
which  difference  may,  for  the  present^  be  expressed  by  the 
term  specific  inductive  capacity, 

1278.  Having  thus  established  the  point  in  the  most  fevour- 
able  cases  that  I  could  anticipate,  I  proceeded  to  examine 
other  bodies  amongst  solids,,  liquids,  and  gases.  These  re- 
sults I  shall  give  with  all  convenient  brevity. 

1 279.  Spermaceti. — A  good  hemisphere  of  spermaceti  being 
tried  as  to  conducting  power  whilst  its  two  surfaces  were  stiU 
in  contact  with  the  tin-foil  moulds  used  in  forming  it,  was 
found  to  conduct  sensibly  even  whilst  warm.  On  removing 
it  from  the  moulds  and  using  it  in  one  of  the  apparatus,  it 
gave  results  indicating  a  specific  inductive  capacity  between 
1*3  and  I  *6  for  the  apparatus  containing  it.  But  as  the  only 
mode  of  operation  was  to  charge  the  air  apparatus^  and  then 
after  a  quick  contact  with  the  spermaceti  apparatus,  ascertain 
what  was  left  in- the  former  (12S1.),  no  great  confidence  can 
be  placed  in  the  results.  They  are  not  in  opposition  to  the 
general  conclusion,  but  cannot  be  brought  forward  as  argu- 
ment in  favour  of  it. 

1280.  I  endeavoured  to  find  some  liquids  which  would  in- 
sulate well,  and  could  b^  obtained  in  sufficient  quantity  for 
these  experiments.  Oil  of  turpentine,  native  naphtha  rectified, 
and  the  condensed  oil  gas  fluid,  appeared  b^  common  ex- 
periments to  promise  best  as  to  insulation.  Being  l«^fl  in  con- 
tact with  fused  carbonate  of  potassa,  chloride  of  lime,  and 
quick  lime  for  some  days  and  then  filtered,  they  were  found 
much  injured  in  insulating  power;  but  after  distillation  ac- 
quired their  best  state,  though  even  then  they  proved  to  be 
conductors  when  large  metallic  contact  was  made  with  them. 

1281.  Oil  of  Turpentine  rectified,— \  filled  the  lower  half 
of  app.  i.  with  the  fluid ;  and  as  it  would  not  hold  a  charge 
sufficiently  to  enable  me  first  to  measure  and  then  divide  it, 
I  charged  app.  ii.  containing  air^  and  dividing  its  charge  with 
app.  i.  by  a  quick  contact,  measured  that  remaining  in  app.  ii.: 
for,  theoretically,  if  a  quick  contact  would  divide  up  to  equal 
tension  between  the  two  apparatus,  yet  without  sensible  loss 
from  the  conducting  power  of  app.  i. ;  and  app.  ii.  were  left 
charged  to  a  degree  of  tension  above  half  the  original  charge, 
it  would  indicate  that  oil  of  turpentine  had  less  specific  m- 
ductive  capacity  than  air;  or,  if  left  charged  below  that  mean 
state  of  tension,  it  would  imply  that  the  fluid  had  the  greater 
inductive  capacity.  In  an  experiment  of  this  kind,  app.  iL 
gave  as  its  charge  390®  before  ai vision  with  app.  i.,  and  175** 
afterwards,  which  is  less  than  the  half  of  390®.     Again,  being 
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at  175'^  before  division,  it  was  79^  after,  which  is  also  less 
than  half  the  divided  charge.  Being  at  79"^,  it  was  a  third 
time  divided,  and  then  fell  to  36**,  less  than  the  half  of  79°. 
Such  are  the  best  results  I  could  obtain ;  they  are  not  incon- 
sistent with  the  belief  that  oil  of  turpentine  has  a  greater  spe- 
cific capacity  than  air,  but  they  do  not  prove  the  fact,  since 
the  disappearance  of  more  than  half  the  charge  may  be  due 
to  the  conducting  power  merely  of  the  fluid. 

1282.  JVcbphtha, — This  liquid  gave  results  similar  in  their 
nature  and  direction  to  those  with  oil  of  turpentine. 

12S3.  A  most  interesting  class  of  substances,  in  relation  to 

Secific  inductive  capacity,  now  came  under  review,  namely, 
e  gases  or  aeriform  bodies.  These  are  so  peculiarly  con- 
stituted, and  are  bound  together  by  so  many  striking  physical 
and  chemical  relations,  that  I  expected  some  remarkable 
results  from  them  :  air  in  various  states  was  selected  for  the 
first  experiments. 

12^4.  Air^  rare  and  dense, — Some  experiments  of  division 
(1208.)  seemed  to  show  that  dense  and  rare  air  were  alike  in 
the  property  under  examination.  A  simple  and  better  pro- 
cess was  to  attach  one  of  the  apparatus  to  an  air  pump,  to 
charge  it,  and  then  examine  the  tension  of  the  charge  when 
the  air  within  was  more  or  less  rarefied.  Under  these  circum- 
stances it  was  found,  that  commencing  with  a  certain  charge, 
that  charge  did  not  change  in  its  tension  or  force  as  the  air 
was  rarefied,  until  the  rare&ction  was  such  that  discliarge 
across  the  space  o,  o  (fig.  1.)  occurred.  This  discharge  was 
proportionate  to  the  rarefaction;  but  having  taken  place, 
and  lowered  the  tension  to  a  certain  degree,  that  degree  was 
not  at  all  afiected  by  restoring  the  pressure  and  density  of 
the  air  to  their  first  quantities. 

Inches  of  Mercury. 

Thus  at  a  pressure  of  30     the  charge  was  88° 

Again 30     the  charge  was  88 

Again 30    the  charge  was  87 

Reduced  to 14     the  charge  was  87 

Raised  again  to  ... .  30     the  charge  was  86 

Being  now  reduced  to       34  the  charge  fell  to  81 

Raised  again  to  ... .  30    the  charge  was  still  81 

12S5.  The  charges  were  low  in  these  experiments,  first 
that  they  might  not  pass  off  at  low  pressure,  and  next  that 
little  loss  by  dissipation  might  occur  I  now  reduced  them 
still  lower,  that  I  might  rarefy  further,  and  for  this  purpose 
in  the  following  experiment  used  a  measuring  interval  in  the 
electrometer  of  only  15*  (I  W5.).  .  The  pressure  of  air  within 
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the  apparatus  being  reduced  to  I  9  inches  of  mercury^  the 
charge  was  found  to  be  29^;  then  letting  in  air  till  the  pressure 
was  30  inches,  the  charge  still  29"^. 

1286.  These  experiments  were  repeated  with  pure  oxygen 
with  the  same  consequences. 

1287.  This  result  of  no  variation  in  the  electric  tension 
being  produced  by  variation  in  the  density  or  pressure  of  the 
air,  agrees  perfectly  with  those  obtained  by  Mr.  Harris,  and 
described  in  his  beautiful  and  important  investigations  con- 
tained in  the  Philosophical  I'ransactioas*;  namely  that  induc- 
tion is  the  same  in  rare  and  dense  air,  and  that  the  divergence 
of  an  electrometer  under  such  variations  of  the  air  continues 
the  same,  provided  no  electricity  pass  away  from  it.  The 
effect  is  one  entirely  independent  of  that  power  which  dense 
air  has  of  causing  a  higher  charge  to  be  retained  upon  the 
surface  of  conductors  in  it  than  can  be  retained  by  the  same 
conductors  in  rare  air;  a  point  I  propose  considering  hereafter. 

1 288.  I  then  compared  hot  and  cold  air  together,  by  raising 
the  temperature  of  one  of  the  inductive  apparatus  as  high  as 
it  could  be  without  injury,  and  then  dividing  charges  between 
it  and  the  other  apparatus  containing  cold  air.  The  temper- 
atures were  about  50*^  and  200°.  Still  the  power  or  capacity 
appeared  to  be  unchanged ;  and  when  1  endeavoured  to  vary 
the  experiment,  by  charging  a  cold  apparatus  and  then 
warming  it  by  a  spirit  lamp,  I  could  obtain  no  proof  that  the 
inductive  capacity  underwent  any  alteration. 

1289.  I  compared  damp  and  dry  air  together,  but  could 
find  no  difference  in  the  results. 

1290.  Gases. — A  very  long  series  of  experiments  was  then 
undertaken  for  the  purpose  of  comparing  different  gases  one 
with  another.  They  were  all.  found  to  insulate  w^,  except 
such  as  acted  on  the  shell  lac  of  the  supportine  stem ;  these 
were  chlorine,  ammonia,  and  muriatic  acid.  They  were  all 
dried  by  appropriate  means  before  being  introduced  into  the 
apparatus.  It  would  have  been  sufficient  to  have  compared 
each  with  air;  but,  in  consequence  of  the  striking  result  which 
came  out,  namely,  that  all  had  the  sanie  power  of,  or  capacity 

for,  sustaining  induction  through  them,  (which  perhaps  might 
have  been  expected  after  it  was  found  that  no  variation  of 
density  or  pressure  produced  any  effect,)  I  was  induced  to 
compare  them,  experimentally,  two  and  two  in  various  ways, 
that  no  difference  might  escape  me,  and  that  the  sameness  of 
result  might  stand  in  fiill  opposition  to  the  contrast  of  pro- 

*  PhilosophicalTraMactions,  1834,pp.2«3,2*4,«37,«44.  [See 
L.  and  £.  Hhil.  Ma^.  vol.  iv«  p.  436.— Edit.] 
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perty,  composHion,  and  condition  which  the  gases  themsdves 
pre:»ented. 

1291.  The  experiments  were  made  upon  the  following  pairs 
of  gases. 

1.  Nitrogen  and    Oxygen. 

2.  Oxygen    Air. 

3.  Hydrogen    Air. 

4.  Muriatic  acid  gas  . .  Air. 

5.  Oxygen    Hydrogen. 

6.  Oxygen    Carbonic  acid. 

7.  Oxygen   Olefiant  gas. 

8.  Oxygen    Nitrous  gas. 

9.  Oxygen   Sulphurous  acid. 

10.  Oxygen   . *  Ammonia. 

1 1.  Hydrogen    Carbonic  acid. 

12.  Hydrogen   Olefiant  gas. 

1 3.  Hydrogen   Sulphurous  acid. 

14.  Hydrogen   Fluo-silicic  acid. 

15.  Hydrogen    Ammonia. 

16.  Hydrogen Arseniuretted  hydrogen. 

17.  Hydrc^en Sulphuretted  hydrogen. 

18.  Nitrogen Olefiant  gas. 

19.  Nitrogen Nitrous  gas. 

20.  Nitrogen Nitrous  oxide. 

21.  Nitrogen Ammonia. 

22.  Carbonic  oxide  ....  Carbonic  acid. 

23.  Carbonic  oxide  ....  Olefiant  gas. 

24.  Nitrous  oxide Nitrous  gas. 

25.  Ammonia Sulphurous  acid. 

1292.  Notwithstanding  the  striking  contrasts  of  all  kinds 
which  these  gases  present  of  property,  of  density,  whether 
simple  or  compound,  anions  or  cathions  (665.),  of  high  or 
low  pressure  ( 1284.  1286.),  hot  or  cold  (1288.),  not  the  least 
difierence  in  their  capacity  to  favour  or  admit  electrical  in- 
duction through  them  coidd  be  perceived.  Considering  the 
point  established,  that  in  all  these  gases  induction  takes  place 
by  an  action  of  contiguous  particles,  this  is  the  more  im- 

Eortant,  and  adds  one  to  the  many  striking  relations  which 
old  between  bodies  having  the  gaseous  ccmdition  and  form. 
Another  equally  important  electrical  relation,  which  will  be 
examined  in  the  next  paper,  is  that  which  the  diflferent  gases 
have  to  each  other  at  the  same  pressure  of  causing  the  reten- 
tion of  the  same  or  different  degrees  of  charge  upon  conductors 
in  them.  These  two  results  appear  to  bear  importantly  upon 
the  subject  of  electro- chemical  excitation  and  decomposition; 

G2 
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for  as  all  these  phenomena,  different  as  they  seem  to  be,  must 
depend  upon  the  electrical  forces  of  the  particles  of  matter, 
the  very  distance  at  which  they  seem  to  stand  from  each  other 
will  do  much,  if  properly  considered,  to  illustrate  the  prin- 
ciple by  which  they  are  held  in  one  common  bond,  and  sub- 
ject, as  they  must  be,  to  one  common  law. 

1293.  It  is  just  possible  that  the  gases  may  differ  from  each 
other  in  their  specific  inductive  capacity,  and  yet  by  quan- 
tities so  small  as  not  to  be  distinguished  in  the  apparatus  I 
have  used.  It  must  be  remembered,  however,  that  in  the 
gaseous  experiments  the  gases  occupy  all  the  space  o^o^  (fig. 
1.)  between  the  inner  and  outer  ball,  except  the  small  portion 
filled  by  the  stem ;  and  the  results,  theiefore,  are  twice  as 
delicate  as  those  with  solid  dielectrics. 

1294.  The  insulation  was  good  in  all  the  experiments  re- 
corded, except  ^os.  10,  15,  21,  and  25,  being  those  in  which 
ammonia  was  compared  with  other  gases.     When  shell  lac  is 

5ut  into  ammoniacal  gas  its  surface  gi  adually  acquires  con- 
ucting  power,  and  in  this  way  the  lac  part  of  the  stem  within 
was  so  altered,  that  the  ammonia  apparatus  could  not  retain  a 
charge  with  sufficient  steadiness  to  allow  of  division.  In  these 
experiments,  therefore,  the  other  apparatus  was  charged ;  its 
charge  measured  and  divided  with  the  ammonia  apparatus 
by  a  quick  contact,  and  what  remained  untaken  away  by  the 
division  again  measured  (1281.).  It  was  so  nearly  one  half 
of  the  original  charge,  as  to  authorize,  with  this  reservation, 
the  insertion  of  ammoniacal  gas  amongst  the  other  gases,  as 
having  equal  power  with  them. 

1295.  Thus  induction  appears  to  be  essentially  an  action 
of  contiguous  particles,  through  the  intermediation  of  \ihich 
the  electric  force,  originating  or  appearing  at  a  certain  place, 
is  propagated  to  or  sustained  at  a  distance,  appearing  there 
as  a  force  of  the  same  kind  exactly  equal  in  amount,  but  op- 
posite in  its  direction  and  tendencies  (1 164.).  Induction  re- 
quires no  sensible  thickness  in  the  conductors  which  may  be 
used  to  limit  its  extent ;  an  uninsulated  leaf  of  gold  may  be 
made  very  highly  positive  on  one  surface,  and  as  highly  ne- 
gative on  the  other,  without  the  least  interference  of  the  two 
states  whilst  the  inductions  continue.  Nor  is  it  affected  by 
the  nature  of  the  limiting  conductors,  provided  time  be  al- 
lowed, in  the  case  of  those  which  conduct  slowly,  for  them  to 
assume  their  final  state  (1 170.). 

1 296.  But  with  regard  t  o  the  dielectrics  or  insulating  media, 
matters  are  very  different  (1167.).  Their  thickness  has  an 
immediate  and  important  influence  on  the  degree  of  induc- 
tion.    As  to  their  quality,  though  all  gases  and  vapours  are 
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alike,  whatever  their  state^  amongst  solid  bodies,  and  between 
them  and  gases,  there  are  differences  which  prove  the  exist- 
ence of  specific  inductive  capacities^  these  differences  being 
in  some  cases  very  great. 

1297.  The  direct  inductive  force,  which  may  be  conceived 
to  be  exerted  in  lines  between  the  two  limiting  and  charged 
conducting  surfaces,  is  accompanied  by  a  lateral  or  transverse 
force  equivalent  to  a  dilatation  or  repulsion  of  these  repre- 
sentative lines  (12'^4.) :  or  the  attractive  force  which  exists 
amongst  the  particles  of  the  dielectric  in  the  direction  of  the 

'  induction  is  accompanied  by  a  repulsive  or  a  diverging  force 
in  the  transverse  direction  <  1304.). 

1298.  Induction  appears  to  consist  in  a  certain  polarized 
state  of  the  particles,  into  which  they  are  thrown  by  the  elec- 
trified body  sustaining  the  action,  the  particles  assuming  po- 
sitive and  negative  points  or  parts,  which  are  symmetrically 
arranged  with  respect  to  each  other  and  the  inducting  sur- 
fiu5es  or  particles.*  The  state  must  be  a  forced  one,  for  it  is 
originated  and  sustained  only  by  force,  and  sinks  to  the 
normal  or  quiescent  state  when  that  force  is  removed.  It  can 
be  continued  only  in  insulators  by  the  same  portion  of  electri- 
city, because  they  only  can  retain  this  state  of  the  particles 
(1304.). 

1299.  The  pi'inciple  of  induction  is  of  the  utmost  gene- 
rality in  electric  action.  It  constitutes  charge  in  every  or- 
dinary case,  and  probably  in  every  case;  it  appears  to  be  the 
cause  of  all  excitement,  and  to  precede  every  current.  The 
degree  to  which  the  particles  are  affected  in  this  their  forced 
state,  before  discharge  of  one  kind  or  another  supervenes, 
appears  to  constitute  what  we  call  intensity, 

1300.  When  a  Leyden  jar  is  charged^  the  particles  of  the 
glass  are  forced  into  this  polarized  and  constrained  condition 
by  the  electricity  of  the  charging  apparatus.  Discharge  is 
the  return  of  these  particles  to  their  natural  state  from  their 
state  of  tension,  whenever  the  two  electric  forces  are  allowed 
to  be  disposed  of  in  some  other  direction. 

1 30 1 .  All  charge  of  conductors  is  on  their  surface,  because 
being  essentially  inductive,  it  is  there  only  that  the  medium 
capable  of  sustaining  the  necessary  inductive  state  begins.  If 
the  conductors  are  hollow  and  contain  air  or  any  other  di- 

♦  The  theory  of  induction  which  I  am  stating  does  not  pretend 
to  decide  whether  electricity  be  a  fluid  or  fluids,  or  a  mere  power 
or  condition  of  recoj^ised  matter.  That  is  a  question  which  I  may 
be  induced  to  consider  in  the  next  or  following  series  of  these 
researches. 
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electric,  still  no  charge  can  appear  upon  that  internal  surface^ 
because  the  dielectric  there  cannot  assume  the  polarized  state 
throughout,  in  consequence  of  the  opposing  actions  in  different 
directions. 

1302.  The  known  influence  of  form  is  perfectly  consistent 
with  the  corpuscular  view  of  in(»iction  set  forth.  An  elec- 
trified cylinder  is  more  aflfected  by  the  influence  of  the  sur- 
rounding conductors  (which  complete  the  condition  of  charge) 
at  the  ends  than  at  the  middle,  because  the  ends  are  expoMd 
to  a  greater  sum  of  inductive  forces  than  the  middle ;  and  a 

Eoint  is  brought  to  a  higher  condition  than  a  ball^  beoanse 
y  relation  to  the  conductors  around,  more  jndbctive  force 
terminates  on  its  surface  than  on  an  equal  surface  of  the  ball 
with  which  it  is  Compared.  Here  too,  especially,  can  be  per- 
ceived the  influence  of  the  lateral  or  transverse  force  (I297.)9 
which,  being  a  power  of  the  nature  of  or  equivalent  to  repul- 
sion, causes  sucn  a  disposition  of  the  lines  of  inductive  force 
in  their  course  across  the  dielectric,  that  they  must  accumulate 
upon  the  point,  the  end  of  the  cylinder,  or  any  projecting 
part. 

1303.  The  influence  of  distance  is  also  in  harmony  with 
the  same  view.  There  is  perhaps  no  distance  so  great  that 
induction  cannot  take  place  through  it:*  but  with  the  same 
constraining  force  (1298.^  it  takes  place  the  more  easily,  ac- 
cording as  the  extent  of  dielectric  through  which  it  is  exerted 
is  lessened.  And  as  it  is  assumed  by  the  theory  that  the  par- 
ticles of  the  dielectric,  though  tending  to  remain  in  a  normal 
state,  are  thrown  into  a  forced  condition  during  the  induc- 
tion; so  it  would  seem  to  follow  that  the  fewer  there  are  of 
these  intervening  particles  opposing  their  tendency  to  the 
assumption  of  the  new  state,  the  greater  degree  of  change 
will  they  suffer,  i.  e.  the  higher  will  be  the  condition  they 
assume,  and  the  larger  the  amount  of  inductive  action  exerted 
through  them. 

1304.  I  have  used  the  phrases  lines  of  inductive /orce  and 
curved  lines  of  force  (1^1.  1297.  1298.  1302.)  in  a  general 
sense  only,  just  as  we  speak  of  the  lines  of  magnetic  force. 
The  lines  are  imaginary,  and  the  force  in  any  part  of  them 
is  of  course  the  resultant  of  compound  forces,  every  molecule 

*  I  have  traced  it  experimentally  from  a  ball  placed  in  the  mid- 
dle of  the  large  cube  formerly  described  (1173.)  to  the  tides  of  the 
cube  six  feet  distant,  and  alio  from  the  same  ball  placed  in  the  mid- 
dle of  our  large  lecture-room  to  the  walls  of  the  room  at  twenty-^six 
feet  distance,  the  charge  upon  the  ball  in  these  cases  being  solely 
due  to  induction  through  these  distances. 
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being  related  to  every  other  molecule  in  all  directions  by  the 
tension  and  reacticm  of  those  which  are  contiguous.  The 
transverse  force  is  merely  this  relation  considered  in  a  directi(m 
oblique  to  the  lines  of  inductive  force,  and  at  present  I  mean 
no  more  than  that  by  the  phrase.  With  respect  to  fhe  term 
polarity  also,  I  mean  at  present  only  a  disposition  of  force  by 
which  the  same  molecule  acquires  oppotdte  powers  on  different 
parts.  The  particular  way  in  which  this  dispositicm  is  made 
will  oome  into  consideration  hereafter,  and  probably  varies  in 
different  bodies,  and  so  prodnoes  variety  of  electrical  relation. 
Ail  I  am  anxious  about  at  present  is,  that  a  more  particular 
meaning  should  not  be  attached  to  the  expressions  used  than 
I  contemplate.  Further  inquiry,  I  trust,  will  enable  us  by 
degrees  to  restrict  the  sense  more  and  more,  and  so  render 
the  explanation  of  electrical  phenomena  day  by  day  OAore 
and  more  definite. 

Ib05.  As  a  test  of  the  probable  accuracy  of  my  views,  I 
have  throughout  this  experimental  examination  compared 
them  with  the  conclusions  drawn  by  M.  Poisson  from  his 
beautiful  mathematical  inquiries.*  I  am  quite  unfit  to  form 
a  judgment  of  these  aomirable  papers;  but  as  far  as  I 
can  perceive,  the  theory  1  have  set  forth  and  the  results 
I  have  obtained  are  not  in  opposition  to  such  of  those  con- 
clusions as  represent  the  final  disposition  and  state  of  the 
forces  in  the  limited  number  of  cases  he  has  considered.  His 
theory  assumes  a  very  different  mode  of  action  in  induction 
to  that  which  I  have  ventured  to  support,  and  would  pro- 
bably find  its  mathematical  test  in  the  endeavour  to  apply 
it  to  cases  of  induction  in  curved  lines.  To  my  feeling  it  is 
insufficient  in  its  mode  of  accounting  for  the  retention  of  elec- 
tricity upon  the  surface  of  conductors  by  the  pressure  of  the 
air,  an  effect  which  I  hope  to  show  is  simple  and  consistent 
according  to  the  present  view ;  and  it  does  not  touch  voltaic 
electricity,  or  in  any  way  associate  it  and  what  is  called  ordi- 
nary electricity  under  one  common  principle. 

I  have  also  looked  with  some  anxiety  to  the  results  which 
that  indelaiigable  philosopher  Harris  has  obtained  in  his  in- 
vestigation ot  the  laws  of  induction^f  knowing  that  they  were 
experimental,  and  having  a  fuU  conviction  of  their  exactness ; 
but  I  am  happy  in  perceiving  no  collision  at  present  between 
them  and  the  views  I  have  set  forth. 

LS06.  Finally,  1  beg  to  say  that  I  put  forth  my  particular 
view  with  doubt  and  fear,  lest  it  should  not  bear  the  test  of 

*  Memoires  de  t Institute  181 1,  torn.  xii.  the  first  page  1,  and  the 
teoond  paging  163. 
f  Pbiloaopbical  Transacttons,  1834,  p.  213. 
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general  examination^  for  unless  true  it  will  only  embarrass  tbe 
progress  of  electrical  science.  It  has  long  been  on  my  mind^ 
bui  I  hesitated  to  publish  it  until  the  increasing  persuasion 
of  its  accordance  with  all  known  facts^  and  the  manner  in 
which  it  linked  together  effects  apparently  very  different  in 
kind,  urged  me  to  write  the  present  paper.  As  I  yet  see  no 
inconsistency  between  it  and  nature^  but,  on  the  contrary 
think  I  perceive  much  new  light  thrown  by  it  on  her  opera- 
tions; and  my  next  papers  will  be  devoted  to  a  review  of  the 
phenomena  of  conduction,  electrolyzation,  current,  mag- 
netism, retention,  discharge,  and  some  other  points,  with  an 
Implication  of  the  theory  to  these  effects,  and  an  examination 
of  it  by  them. 

Royal  Institution^ 
Nov,  16,  1837. 


XII.  The  variation  of  the  Compass  occasioned  by  a  non- 
coincidence  between  the  pole  of  the  earth  and  tne  pole  of 
the  eclipticy  communicated  to  the  Editor  of  the  Annals  of 
Electricity,  By  Edward  Nayleu,  Esq.,  First  Lieute- 
nant of  the  Royal  Marines, 

(Continued  from  page  52^ y  Vol,  3,  J 

From  the  observations  of  Captain  Ross  (first  voyage)  com- 
pared with  the  tables  of  variation  before  mentioned,  it  would 
appear  that  London  in  the  year  1819  was  situated  on  a  me- 
ridian 67°  57'  53"  west  of  the  meridian  a  A  g,  fig.  1,  PI.  XVI. 
Vol.  3 ;  and  that  the  meridian  ab  gyor  that  on  which  the  mag- 
netic pole  s  was  situated,  at  that  time  (1819)  was  i  12''  2'  7" 
west  of  London  for  67°  57'  53'  +  112"  2'  7"  =  180'  or  the 
distance  between  the  meridians  ab  g,  and  a  A  g.  This  is 
proved  by  the  variation  at  that  period  having  ceased  from  being 
east,  and  become  west ;  or,  in  other  words,  by  the  needle 
being  attracted  to  the  point  s  on  the  meridian  a  b  g,  and 
thence  made  to  deviate  to  the  westward  of  a  the  true  north. 

It  would  also  appear,  that,  since  variation  in  London  was 
observed  to  change  from  east  to  west,  the  meridian  on  which 
according  to  our  former  reasoning  those  changes  were  effected 
(a  A  g),  has  passed  on  to  the  eastward  of  London :  being  now 
situated  in  longitude  67°  57'  53'  east.  Now  if  we  estimate 
the  time  consumed  in  this  quantum  of  motion,  considering 
the  motion  uniform,  we  shall  get  the  period  occupied  in  an 
entire  revolution  of  the  magnetic  pole  s  round  the  earth.  And 
if  it  should  appear  that  this  time  actually  constitutes  an  ali- 
quot part  of  the  period  occupied  in  an  entire  revolution  of  the 
equinoctial  pole,  the  motion  of  the  magnetic  pole,  niayi  it  is 
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hoped,  be  presumed  to  depend  apon  the  motioa  of  the  equi^ 
DoctiaL  And,  if  it  should  so  appear,  it  is  trusted  an  additional 
motive  will  be  presented  for  prosecuting  the  enquiry  in  the 
manner  begun  ;  although,  at  pres^it,  no  reason  can  be  given 
why  the  needle  should  be  attracted  to  a  point  on  the  arctic 
circle,  derivable  from  the  pole  of  the  ecliptic.  We  shall  pro- 
ceed then  to  show  that  the  motion  of  the  magnetic  pole,  as  to 
time,  depends  on,  and  is  an  aliquot  of  the  motion  of,  theequi* 
Docdal. 

It  is  difficult  to  say  accurately,  at  what  time  the  variation 
changed  from  east  to  nothing  in  London.  If  Mr.  Bond's 
account  be  taken,  it  was  in  the  year  1657,  which  period  we 
shall  at  present  use ;  reserving  the  right  of  correcting  it  here- 
after, if  it  should  appear  to  require  correction;  or  any  one 
more  ceitain  present  itiielf,  in  the  course  of  enquiry.  Count- 
ing then  from  1657  to  HI 9,  time  of  Captain  Ross's  voyage, 
a  period  of  162  years  has  elapsed  since  the  variation  ceased 
in  London.  If  then  the  motion  of  the  magnetic  pole  be 
uniform,  its  revolution  will  be  as  follows : 

162  X  360    _y^'"^    I     I    -   ••    182S43 
67°  57'  53"  -  ^^   ^^   ^    ^     y  244673 

But  if  the  magnetic  pole,  according  to  the  data  given,  per- 
forms a  revolution  round  the  earth  in  the  above  period,  and 
the  equinoctial  pole  a  revolution  according  to  some  astrono- 
mers m  25920  years,  the  movement  of  the  one  may  be  con- 
sidered an  aliquot  part  of  the  movement  of  the  other,  for 

808.  I7.6!T9.&c.=^-^" 
Now  considering  the  data  from  which  this  has  been  taken, 
as  that  on  which  a  perfect  reliance  cannot  be  placed :  that  is 
to  say,  the  distance  of  London  from  the  meridian  aAg  shown 
in  Captain  Ross's  voyage  having  been  obtained  by  an  approxi- 
mate investigation ;  ami  that  we  cannot  speak  accurately  as 
to  the  time  when  London  was  on  the  meridian  a  A  ^,  we  may 
therefore  consider  the  decimal  .2081 1  as  what  may  be  rejecte<^ 
and  the  revolution  of  the  magnetic  pole  be  estimated  in  rela- 
tion to  that  of  the  equinoctial  as  1  to  30. 

A^n,  if  the  magnetic  pole  performs  its  revolution  in  one 
thirtieth  part  of  the  time,  consumed  in  a  revolution  of  equi- 
noctial, and  it  be  admitted  that  La  Place  has  given  the  true 
mean  annual  motion  of  the  ecliptic,  at  dO'M8  the  magnetic 
pole  performs  its  revolution  in  860.9  years ;  for 
vear 
5018    :     1       :       :      a«0      :      25827.022718 
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giving  a  mean  annual  motion  for  the  magnetic  pole  of  25.5  '.4 
nearly. 

Now,  if  it  were  possible  to  fix  the  position  of  the  magnetic 
meridian  a  b  g^  for  any  given  period  of  time,  in  relation  to 
London,  or  any  other  place,  its  mean  annual  motion  would 
eive  its  position  for  any  other  time  or  place ;  and  thence  the 
distance  of  any  place  from  the  meridian  a  b  g  might  be 
^own ;  and  consequently  quantities  of  variation  be  worked 
for,  and  thence  a  comparison  be  instituted  between  the  quan- 
tities found  in  nature  and  those  generated  by  our  course  of 
reasoning.  Again,  if  quantities  of  variation  obtained  from 
the  reasoning  adduced,  should  be  found  to  acree  sofaetantially 
with  what  is  found  in  nature,  so  much  prwabUity  of  truth 
would  be  presented  as  ought,  in  this  age  of  enquiry,  to  secure 
for  the  subject  a  patient  investigation.  I  shall,  therefore,  now 
proceed  to  show,  how,  by  the  mean  annual  motion  of  tiie  mag- 
netic pole,  the  position  of  the  meridian  a  A  g  and  thence  the 
meridian  abg  may  be  fixed,  in  relation  to  London;  and 
having  so  done,  institute  a  coinparison  between  the  quantities 
of  variation  found  by  Capt.  Parry,  in  his  first  voyage,  and 
those  derived  from  our  course  of  reasoning. 

There  are  two  modes  by  which  our  object  may  be  attempted, 
one  in  relation  to  the  period,  when  there  was  no  variation  in 
Loudon,  according  to  Mr.  Bond ;  and  another  in  reference  to 
the  time  when  Mr.  Burrows,  in  15S0,  is  said  to  have  found 
11^  15'  E.  at  Limehouse.  From  the  slow  manner  in  which 
variation  would  alter,  on  its  change  from  east  to  nothing,  and 
then  becoming  west,  it  is  probable  much  uncertainty  prevailed, 
as  to  the  time  when  there  was  no  variation  in  London ;  that  is 
when  London  wa&on  the  mmdian  aAg.  If,  however,  that 
event  took  place,  according  to  Mr.  Bond  in  the  year  1657, 
giving  the  meridians  a  A^  and  abg  each  a  mean  annual 
motion  of  25'  5"  A  the  meridian  a  A  ^  would  have  passed  on 
to  the  eastward  of  London,  and  been  situated  in  the  year  1819 
in  longitude  67''  44'  34".8  east  because  1819— 1657=162. 
and  162x25'  5".4=67^  44'  34\8.  And  the  meridmn  abg 
have  been  situated  in  longitude  112''  15'  25''.2  west  for 
67**  44'  34".8+n2**  15'  25\2=:180^  that  is  the  distance 
between  the  meridians  a  Ag  and  a  b^.  Th«refiH*e,  the 
magnetic  pole  in  1819  would  have  been  situated  in  Icmgitude 
112^  15' 25^2  W. 

But  if  the  magnetic  pole  had  been  so  situated  in  1 8 1 9,  Capt 
Parry  in  that  year,  in  Winter  Harbour,  in  longitude  1 10^  49' 
west,  would  have  been  in  westerly  variation,  for  he  would  have 
been  1  ''26'25''.2  to  the  elistward  of  the  magnetic  meridian  a  bg; 
inasmuch  as  1 10^  49'+r  26'  25\2=l  12**  15'  25''.2  and  con- 
sequently he  would  not  have  found  easterly  variation  as  he  did. 
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But  taking  the  observation  of  Mr.  Burrows  in  1580,  when 
he  found  1 1 ""  15^  east,  and  working  for  the  period  when  there 
would  be  no  variation  in  London,  we  shall  find  it  to  have 
happened  about  the  year  1651 ;  and  usin^  that  time  (instead  of 
]Vir.  Bond's)  with  the  mean  annual  motion  of  the  magnetic 
pole,  as  will  be  shown  hereafter,  it  will  appear  that  the 
meridian  a\g  in  1819  was  situated  in  70^  LV  T.2  east 
longitude;  iot  1819— 1 6.5l=zlt>8, and  168x25' 5".4=70^  15 
7"^.  Now  if  the  meridian  a  A  g  in  the  year  1819  was  situated 
in  longitude  W  IS  T.2  east,  then  Capt.  Parry  in  that  year 
in  Winter  Harbour,  longitude  I  lO""  49'  west,  would  have 
found  easterly  variation  for  1 80°— 70°  15  7''.V=109''44'52". 
8,'  consequently  he  in  Winter  Harbour,  would  have  been  at 
a  distance  of  P  4^  7 '  .2  west  of  the  magnetic  meridian  abg^ 
for  109^  44'  52.84-1^  4  7' .2—1 10°  49'.  Therefore,  from 
the  circumstance  of  Capt.  Parry  having  found  eastern  variation 
b  Winter  Harbour,  it  has  been  thought  best  to  fix  the  posi- 
tion of  the  magnetic  pole  by  the  observation  of  Mr.  Burrows 
in  1580;  and  it  appears  to  be  no  inconsiderable  confirma- 
tion of  the  principles  set  out  with  in  this  enquiry,  that  the 
two  very  distant  observations,  as  to  time  and  place  of  Capt. 
Parry  and  Mr.  Burrows,  should  be  reduced  by  the  course  of 
reasoning  adduced,  to  a  state  of  accordance,  after  a  lapse  of 
k39  years,  computing  from  1580  to  1819.  But  taking  the 
71  years  from  1580  under  easterly  variation,  and  ha&  the 
time  consumed  in  an  entire  revolution  of  the  magnetic  pole, 
being  the  time  involved  in  the  distance  between  the  two  me- 
ridians aAg  and  a  bgj  and  the  two  observations  will  have 
agreed  with  each  other  after  a  lapse  of  501  years. 

The  manner  in  which  the  position  of  the  meridian  aAg 
from  Mr.  Burrows^s  observation  has  been  deduced,  is  as 
follows: — Its  position  at  the  time  when  there  waano  variation 
in  London  was  assumed  as  0 ;  then  25'  5'' .4  east  was  Uken 
for  its  position  in  the  succeeding  year :  adding  this  quantity 
successively  everjr  year  for  its  change  of  position.  With  Uie 
quantities  so  obtained  constituting  the  supplemental  Z  ctf  mag- 
netic distance,  mentioned  in  the  formula  before  recited,  (page 
526,  Vol.  3.)  together  with  the  co-latitude  of  London,  and  the 
obliquity  of  the  ecliptic,  variation  was  worked  for,  according  to 
the  formula befi>re  mentioned;  which  was  continued  until  an 
angle  of  variation  was  obtained,  equal  to  11*  14'  51  ^;  which 
differing  very  little  from  11*  15^  it  was  placed  against  the 
year  1580.  Then  counting  back  from  that  year  and  placing 
the  quantities  of  variation,  previously  found,  against  their  res- 
pective years,  the  table  was  formed  which  is  here  presented, 
which  shows  the  position  of  the  meridian  a  A  g  in  relation  to 
London  from  the  year  1466  to  1836. 
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We  have  now  to  examine  the  quantities  of  variation  ob- 
served by  Capt.  Parry,  during  his  voyage  in  the  year  1819; 
and  compare  them  with  the  quantities  presented,  according  to 
our  former  reasoning,  from  the  position  of  the  meridian  aKff 
as  shown  in  the  preceding  table.  .The  supplemental  angle  of 
magnetic  distance,  or  the  position  of  the  meridian  a  A  ^  in 
relation  to  London  in  the  year  1819  was  70''  15'  7'  east  of 
London ;  consequently  the  position  of  the  meridian  a  6  ^  in 
reference  to  London  was  109°  44'  53"  west  of  London,  on  which 
meridian  in  the  year  1819  the  northern  magnetic  pole  was 
seated:  for  109M4'  53''+70°l6'  7 '=180°  or  the  distance 
between  the  meridians  abg^  and  a  Ag,  Therefore,  70°  15' 
7"  was  the  supplemental  angle  of  the  magnetic  distance  of 
London ;  and  as  all  Capt.  Parry's  observations  were  made  in 
west  longitude,  the  longitudes  of  his  places  of  observation 
have  been  added  respectively  to  70°  15'  7"  for  the  supple- 
mental angle  of  the  magnetic  distance  of  the  place  of  ob- 
servation. These  with  the  co-latitude  and  the  obUquity  of  the 
ecliptic,  according  to  the  formula  before  mentioned,  have  given 
the  quantities  of  variation,  set  down  in  the  table  of  Capt. 
Parry's  observations ;  to  which  a  correction  for  the  local  attrac- 
tion of  the  ship  has  been  applied. 

The  correction  for  local  attraction  was  thus  obtained. 
Capt.  Parry,  in  the  commencement  of  his  voyage,  made  an 
experiment  on  the  local  attraction  of  his  ship,  at  Northfleet; 
and  one  subsequently  in  Baffin's  Bay.  Comparing  these  two 
experiments,  it  will  be  seen  that  the  local  attraction  of  the  ship 
augmented  very  considerably  in  her  voyage  to  Baffin's  Bay ; 
where  a  high  degree  of  natural  variation  existed.  At  North- 
fleet,  when  the  ship's  head  was  east,  he  discovered  4°  41'  less 
than  the  true  bearing  of  an  object,  the  natural  variation  of  the 
compass  being  at  that  place  25°  39'  13"  west.  And  at  Baffin's 
Bay  with  her  head  on  the  same  point  he  discovers  15°  5',  kss 
than  the  true  bearingof  an  object ;  the  natural  variation  of  the 
compass  in  Baffin's  Bay  being  82°  west.  Now  as  there  can  be 
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DO  doubt  but  this  effect  of  local  attraction  altered  progressively 
throughout  the  voyage,  and  knowing  nothing  so  likely  to 
influence  it  as  the  natural  variation  of  the  needle^  or  what  is 
the  same^  thinking  it  would  be  generated  in  a  like  proportion, 
with  the  natural  variation  of  the  compass,  I  have  endeavoured 
to  assign  its  quantity  at  every  place  where  Capt.  Parry  ob- 
served the  variation  of  the  compass,  by  Supposing  that  the 
local  attraction  altered,  as  the  natural  variation;  thus  :  — 

The  variation  of  Northfleet 

Is  to  the  local  attraction  on  any  given 
point  of  the  compass. 

As  the  variation  of  any  other  place 

Is  to  the  effect  of  local  attraction  at 
that  place  on  the  given  point. 
By  the  above  proportion,  quantities  of  local  attraction  were 
obtained,  which  have  been  added  to,  or  subtracted  from,  the 
variation  worked  for,  to  correct  for  the  position  of  the  ship's 
head,  at  the  time  of  observation. 

The  following  table  shows  the  quantity  of  local  attraction 
found  by  Capt  rarry,  in  his  ship  at  Northfleet  and  Baffin's 
Bay.  The  column  A  was  obtained  by  comparing  the 
two  observations  by  the  proportion  just  mentioned.  The  two 
experiments  in  Baflin's  Bay  and  Morthfleet  do  not  entirely 
agree  on  certain  points^,'  either  from  the  difficulty  of  getting  the 
ship's  head  steady  on  any  given  point,  or  from  S9mething  in 
the  law  of  local  attraction  with  which  we  are  not  yet 
acquainted.  But  the  two  observations,  it  is  hoped^  do  suffi- 
ciently agree,  for  the  use  which  has  been  made  of  them,  and 
show,  it  is  trusted,  a  remarkable  coincidence  between  the 
quantities  of  variation  found  by  Capt.  Parry^  and  those  derived 
from  our  course  of  reasoning. 


Vol.  IV.— No,  20,  August^  1839.  H 

Digitized  by  LjOOQ IC 


114      Lieut.  Nayler^  on  the  variation  of  the  Compass. 


What  ihoold  haTO 

PWimlSmi 

Fomaby 

bteDfoondinBaiiii^a 

Fomabjr 

FvBIllva 

of  the 
Ship'*  Head. 

expert  meut 

at 
Narthleet. 

Bay  if  proportionate 

to  that  foond  at 

Northfleet. 

A 

Experiment 

io 
BafiD*!  Bay. 

N 

4- 

o 
ft 

15 

+ 

o 

47 

57 

+ 

O 

46 

II 

N6E 

1 

U 

3 

11 

47 

3 

37 

15 

NNE 

2 

(( 

__ 

6 

23 

34 

— 

6 

28 

30 

NE6N 

2 

40 

_^ 

6 

31 

26 

__ 

8 

40 

15 

NE 

4 

15 

_ 

13 

35 

5 

— 

10 

52 

(( 

NE6E 

4 

5 

^.. 

13 

3 

8 

— 

13 

22 

30 

ENE 



4 

« 

_^ 

12 

47 

8 

— 

15 

53 

U 

E6N 



4 

41 

...« 

14 

58 

12 

— 

15 

29 

i€ 

E 

4 

41 

_ 

14 

58 

12 

— 

15 

5 

(€ 

E4S 



3 

45 

__ 

11 

59 

12 

— 

14 

9 

a 

KSE 



3 

15 

— 

10 

23 

18 

— 

18 

13 

a 

SE6E 

_^ 

2 

45 

— 

8 

47 

25 

— 

11 

3 

15 

SE 



1 

30 

— 

4 

47 

41 

— 

8 

5a 

30 

SE6S 

_ 

1 

15 

— 

3 

59 

44 

— 

7 

31 

45 

SSE 

•— . 

6C 

15 

— 

(( 

47 

57 

— 

6 

10 

ii 

S6E 

+ 

it 

30 

+ 

1 

35 

54 

+ 

3 

39 

\h 

S 

+ 

(( 

30 

4- 

1 

35 

64 

+ 

1 

8 

45 

SAW 

+ 

1 

€t 

4- 

3 

11 

47 

+ 

99 

9 

15 

SSW 

+ 

1 

a 

4- 

3 

11 

47 

+ 

W 

50 

ti 

SW*S 

+ 

1 

30 

4- 

4 

47 

41 

+ 

8 

17 

a 

sw 

4- 

1 

45 

4- 

5 

35 

38 

+ 

6 

44 

t< 

SW6W 

+ 

3 

(€ 

+ 

9 

35 

21 

+ 

8 

42 

eg 

WSW 

4- 

if 

a 

+ 

9 

23 

28 

+ 

11 

40 

€i 

WAS 

+ 

a 

i€ 

4- 

11 

37 

34 

+ 

12 

49 

€e 

W 

4- 

a 

a 

4- 

13 

51 

43 

+ 

13 

58 

it 

W*N 

+ 

4 

15 

+ 

13 

35 

5 

+ 

13 

4 

i€ 

WNW 

+ 

3 

30 

4- 

U 

11 

15 

+ 

12 

13 

if 

NW6W 

4- 

3 

ic 

+ 

9 

35 

21 

+ 

10 

42 

30 

NW 

+ 

2 

45 

+ 

8 

47 

25 

+ 

9 

12 

ii 

NW6N 

4- 

2 

25 

+ 

7 

43 

29 

+ 

7 

19 

a 

NNW 

4- 

2 

15 

4- 

7 

11 

31 

+ 

5 

26    " 

N6W 

+ 

2 

45 

+ 

8 

47 

25 

+ 

2 

fO    " 

We  have  now  to  compare  quantities  of  variation  found  by  Capt. 
Parry,  in  his  first  voyage,  with  those  which  may  be  computed,  if 
the  needle  be  attracted  to  a  point  in  the  arctic  circle,  derived  from 
the  non-coincidence  of  the  pole  of  the  earthy  and  the  pole  of  the 
ecliptic,  according  to  the  reasoning  before  adauced.  And  as  in  the 
quantities  computed  we  have  made  use  of  the  mean  annual  motion 
of  the  magnetic  pole,  so  all  Capt.  Parry's  quantities  may  be  said  to 
be  compared  witn  one  single  otMervation ;  namely  that  of  Mr.  Bur- 
rows at  Limehouse,  in  the  year  1580.  We  have  therefore  placed 
against  each  of  Capt.  Parry's  observatiom,  the  time  elapsed  between 
his  observation  ana  that  ot  Mr.  Burrows. 
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The  above  observations  appear  to  have  been  corrected  for 
local  attraction. 
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Great  difference  is  here  perceived  in  the  quantities  obtained 
by  the  different  observers;  and  they  appear  to  have  been 
corrected  for  local  attraction. 
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Considerable  difierence  is  seen  in  the  effect  of  local  at- 
traction on  N  6  W  pointy  in  the  two  experiments  at  North- 
fleet  and  Baffin's  Bay.  At  the  former  place  2°  45'  is  dis- 
eovered,  and  at  the  latter  place  only  2^  20';  when,  if  the  lat- 
ter had  been  in  proportion  to  the  former,  there  ought  to  have 
leen  8°  47  25 '.  Again,  we  find  the  difference  between  the 
Tariation  observed  and  that  given  by  theory,  to  point  at  this 
discrepancy,  and  to  agree  nearly  with  the  proportion  of  local 
attraction  derived  from  the  experiment  at  Northfleet. 
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See  former  note. 
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These  observations  appear  to  have  been  corrected  for  local 
attraction. 
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We  hare  before  observed  upcni  the  difference  between  the 
two  experiments  on  local  attraction,  at  Northfleet  and  Barn's 
Bay,  when  the  ship's  head  was  N  6  W;  and  may  here  remark 
the  same  cc^ncidence  noted  before. 
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See  former  note  on  N  6  W. 
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Tfaeie  IB  much  diflerence  in  the  qnantities  observed. 
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There  are  great  dififerences  between  the  two  experiments  on 
local  attraction  on  all  these  bearings ;  see  former  note  on  N6W. 
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Great  difference  may  be  perceived  here  in  the  quantities  of 
variation  observed;  and  the  quantities  appear  to  have  been 
corrected  for  local  attraction. 
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We  have  before  remarked  on  the  difference  between  the 
two  experiments  on  local  attraction,  at  Northfleet  and  Baffin's 
Bay,  when  the  ship's  head  was  N  6.W;  and  may  here  notice 
the  same  coincidence  in  relation  to  the  variation  observed  and 
that  computed^  which  nearly  agrees  with  the  experiment  at 
Northfleet. 

In  the  comparison  which  has  been  instituted  between  Capt. 
Parry's  observations  and  the  (quantities  computed  under  our 
{(Miner  reasoning,  an  entire  comcidence  could  not  have  been 
exp^ted ;  various  reasons  may  be  given  why  it  should  not 
have  been  hoped  for. 

First,  we  are  not  acquainted  with  the  manner  in  which  local 
attraction  altered  during  the  progress  of  the  voyage.  It  may 
have  changed  somewhat,  after  the  proportion  supposed,  in- 
flaenced  by  the  natural  variation  of  the  compass. 

Secondly,  the  discrepancies  between  the  two  observations 
at  Northfleet  and  Baffin's  Bay  show  that  the  mode  of  esti- 
mating the  local  attraction  of  a  ship  is  attended  with 
difficulties  which  require  a  remedy,  before  quantities  obtained 
as  they  now  are  can  be  implicitly  relied  on ;  so  as  to  be  made 
available  to  the  purposes  to  which  we  have  endeavoured  to 
apply  them. 

1  nirdly^  the  compass  at  present  is  not  a  perfect  instrument ; 
this  is  shown  by  different  quantities  of  variation  being  obtained 
by  different  persons  at  the  same  time  and  place. 

Fourthly,  a  more  certain  knowledge  must  be  obtained  as  to 
the  time  when  there  was  no  variation  on  the  meridian  of 
London ;  any  error  in  this  particular  would  occasion  the  varia- 
tion computed  to  be  erroneous. 

However,  acknowledging  the  existence  of  obstacles  to  a 
perfect  coincidence,  it  is  hoped  the  comparison  instituted  be- 
tween Captain  Parry's  quantities  of  variation  and  those  de- 
rived from  our  former  reasoning,  will  be  considered  highly 
favorable.  It  does  not  seem  possible  that  so  near  an  approach^ 
miifarmly  could  ever  have  been  made  to  the  ^uantitie|  ob- 
served by  Captain  Parry,  if  there  was  no  truth  m  the  reason- 
jug  by  which  the  computed  quantities  were  derived.     The 
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question,  therefore,  which  I  would  with  much  earnestness 
press  upon  the  consideration  of  the  honourable  Board,  is, 
whether  under  the  weight  of  all  the  obstacles  enumerated, 
there  has  not  been  a  sufficient  coincidence  shown  between 
Captain  Parry's  quantities  of  variation  and  those  derived 
from  the  reasoning  we  have  adduced,  to  warrant  a  further 
investigation ;  which  might  be  carried  on  (without  expense 
to  the  government,  or  inconvenience  to  its  officers,)  with  every 
probability  that  this  most  recondite  subject,  which  has  eluded 
human  investigation  since  its  first  discovery  by  Columbus, 
should  be  carried  ultimately,  and  in  a  short  time,  to  an  entire 
and  perfect  state  of  development. 

An  extensive  and  comprehensive  enquiry  might  be  insti- 
tuted as  follows  : — His  Majesty's  ships  should  be  directed  to 
make  observations  daily  on  the  variation  of  the  compass,  in 
the  manner  in  which  Captain  Parry  made  his  observations ; 
that  is  noting  down  the  position  of  the  ship's  head  at  the  time 
of  observation.  The  local  attraction  of  the  ship  should  also 
be  ascertained  before  she  proceeded  to  sea ;  and,  subsequently, 
at  every  port  she  visited,  that  its  various  changes  might  be 
recorded.  These  observations  on  variation,  and  local  attrac- 
tion, transmitted  to  the  hydrographer's  office  would  soon  fur- 
nishmaterials  for  proving  or  disproving  what  has  been  adduced. 
These  observations  womd  tend,  in  the  first  place,  to  show  the 
laws  of  local  attraction ;  that  is,  whether  they  alter  in  the 
manner  and  ratio  in  which  the  variation  of  the  compass  alters, 
or  after  the  order  of  any  peculiar  law  of  their  own,  influenced 
by  the  materials  of  which  a  ship  is  constructed.  That  local 
attraction  is  modified  by  that  which  influences  the  variation 
of  the  compass,  is  extremely  probable  from  a  circumstance 
which  has  not  yet  been  noticed,  namely,  a  probability  th?it 
the  south  pole  of  the  earth  maintains  an  influence  in  the 
northern  hemisphere,  and  the  north  pole  an  influence  in  the 
southern  hemisphere.  The  possibility  of  this  is  shown  by  the 
reasoning  on  variation  which  we  have  adopted,  althou&^h  the 
circumstance  has  not  yet  occasioned  any  remark ,-  it  having 
been  thought  better  to  reserve  its  consideration  until  tiie 
present  moment. 

At  page  524,  Vol.  3,  we  have  said  "  In  all  places  between 
the  meridians  bD  g  and  C  o  ^,  there  will  be  easterly  varia- 
tion, because  the  magnetic  pole  o  is  to  the  right  of  the  true  pole 
f."  But  we  would  now  further  observe,  that  along  the  equator 
d  c,  fig.  1,  PL  ]S^VI.  there  would  be  a  double  Quantity  of  varia- 
tion with  opposite  characters ;  for  « is  the  nortn  magnetic  pole, 
and  o  is  the  south  magnetic  pole.  Now  let  d  be  any  place  on 
the  equator ;  then  b  g  expresses  the  distance  of  the  meridian 
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adg  from  the  meridian  abg  or  northern  magnetic  meridian ; 
again  dc  expresses  the  distance  of  the  meridian  adg  from 
the  meridian  acg  or  southern  magnetic  meridian.  But  b d 
and  d  c  are  respectively  supplements  to  each  other^  and  being 
so  can  only  agree  and  be  equal  to  each  other,  when  respectively 
equal  to  90*;  in  which  case  variation  in  relation  to  either 
hemispbcre  would  agree  in  quantity,  but  be  opposite  in 
character ;  .that  is,  if  in  the  northern  hemisphere,  it  was  west, 
in  the  southern  it  would  be  east,  and  on  the  contrary.  Now 
it  cannot  be  possible  that  variation  on  the  equator  should  have 
a  double  character ;  it  cannot  be  at  the  same  time  both  east 
and  west,  without  the  quantities  in  some  way  or  other  modi- 
fying and  influenciag  each  other,  so  as  to  produce  some  fixed 
and  i^cific  character. 

But  if  two  distinct  quantities  of  variation  cannot  subsist  on 
the  equator  without  influencing  each  other,  so  as  to  produce 
one  specific  quantity  of  a  determinate  character ;  so  neither 
is  it  probable  that  opposite  characters  in  variation  can  subsist 
in  opposite  hemispheres  without  influencing  each  other  so  as 
to  make  some  correction  necessary,  when  in  either  hemisphere 
quantities  of  variation  are  computed  according  to  the  reasoning 
which  has  been  adduced.  Now  this  correction  might  result 
inobservingthe  manner  in  which  local  attraction  would  change 
as  a  ship  proceeded  to  different  parts  of  the  world,  and  thence 
through  different  quantities  of  variation  influence ;  for  it  is 
extremely  probable  that  this  influence  acts  on  the  materials 
of  which  a  ship  is  constructed,  so  as  to  modify  and  alter  their 
line  of  influence;  and  hence  it  is  conceived  has  arisen  the  in- 
utility of  any  correcting  plate  for  the  compass,  fixed,  according 
to  the  local  attraction  of  a  ship,  at  some  particular  spot :  th^re 
being' some  disturbing  force,  variable  both  as  to  position  and 
intensity,  modifying  from  time  to  time  the  local  attraction  of 
a  ship.  As  that  which  may  illustrate  what  has  been  said,  we 
shall  now  show  the  double  character  in  which  variation  would 
appear  on  the  equator,  and  afterwards  make  a  few  remarks. 
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With  the  angles  in  the  two  first  columns  of  the  preceding 
tables,  used  respectively  according  to  the  formula  before  given, 
the  quantities  of  variation  noted  in  the  table  were  obtained. 
Whence  we  perceive  two  difierent  series  of  variation  would, 
according  to  the  reasoning  adduced,  present  themselves  on 
the  equator;  one  deriving  an  existence  in  reference  to  the 
north  magnetic  pole,  and  the  other  from  the  south  magnetic 
pole.  That  these  quantities  must  influence  each  other,  has 
been  before  said,  and  the  simplest  and  most  direct  influence 
is  derived  from  supposing  them  to  destroy  each  other  to  an 
extent  commensurate  with  their  respective  magnitudes ;  and 
hence  that  the  difference  between  these  quantities,  with  the 
sign  of  the  largest  quantity,  would  be  the  actual  variation 
found  by  observation  on  the  equator.  Admitting  this  to  be 
the  case,  we  have  noted  down  this  difference  with  the  proper 
sign  it  would  receive  under  such  a  supposition.  And  it  would 
appear  that  in  departures  from  the  northern  magnetic  meridian 
a  6,  fig.  1,  a  small  quantity  of  westerly  variation  would  appear, 
which  would  increase  until  it  attainea  its  maximum,  when  it 
would  decrease  and  become  nothing  on  a  meridian  90''  east  of 
the  northern  magnetic  meridian.  Continuing  to  proceed  east 
from  that  meridian,  small  quantities  of  easterly  variation 
would  appear,  which  would  increase,  attain  their  maximum, 
and  become  nothing  on  a  meridian  180°  east  of  the  northern 
magnetic  meridian  a  eg;  on  which  meridian  the  southern 
magnetic  pole  o  is  situated ;  fr^m  which  it  would  appear  there 
are  four  places  on  the  equator,  situated  at  9(f  distant  from 
each  other,  where  there  would  not  be  any  variation. 

We  have  before  observed  that  opposite  hemispheres  possess 
opposite  characters  in  variation,  and  that  it  is  probable  they 
influence  each  other  in  regions  beyond  the  equator.  It  is  not 
impossible  that  they  occasion  those  curves  under  which  varia- 
tion appears  to  arrange  itself  in  either  hemisphere,  and  without 
doubt  cause  local  attraction  in  shipping  to  be  a  variable  quan- 
tity. Hence  the  advantage  which  would  result,  in  observa- 
tions such  as  we  have  suggested,  on  local  attraction  in  shipping. 

On  shore  some  knowT^ge  respecting  the  influence  of  oppo* 
site  characters  in  variation  in  opposite  hemispheres  might  be 
obtained  in  a  course  of  observations  on  the  variation  upon  the 
equator.  A  favourable  place  for  these  observations  presents 
itself  on  the  South  American  continent  between  the  Villa 
Nova  at  the  entrance  of  the  Maranon  and  Quito.  On  a  line 
between  these  places  observations  on  the  variation  might  be 
made  directly  on  the  equator,  and  in  parallels  three  or  four 
degrees  to  the  north  and  south  of  the  equator,  from  which 
observations  it  is  reasonable  to  hope  some  view  might  be  ob» 
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taiBed  respecting  the  influence  of  variation  with  opposite 
characters  in  opposite  hemispheres.  The  space  between  Villa 
Nova  and  Quito^  on  the  South  American  continent  being 
between  50°  and  80°  west  longitude,  would  be  in  the  vicinity 
of  the  northern  magnetic  meridian,  which  we  consider  in  the 
year  1836  will  be  situated  in  102°  38' 21'  west  longitude. 
Here  if  the  influence  of  the  southern  pole  be  such  as  we  have 
supposed,  small  quantities  of  westerly  variation  would  be 
perceived.  On  the  other  hand,  on  the  African  continent,  ob- 
servations might  be  made,  though  with  some  difficulty  perhaps 
from  the  natives ;  however,  if  they  could  be  made,  and  our 
views  respecting  the  influence  of  the  southern  pole  be  correct, 
easteriy  variation  would  be  discovered  in  as  much  as  the 
southern  magnetic  meridian  ac^  in  1836  will  be  situated  in 
77-  21'  39'  east  longitude;  for  102-  38'  21"  +  77*  21'  39"  = 
180°  or  the  distance  between  the  meridians  abg  and acg; 
conseqaently  that  portion  of  Africa  which  lies  on  the  equator, 
being  between  10°  and  40*  east  longitude,  is  in  the  neigh- 
bourhood of  the  southern  magnetic  meridian  or  acg. 

Observations  made,  then,  upon  the  equator,  on  these  two 
continents  would  be  calculated  to  develop  the  influence  which 
i^poeite  characters  in  variation  in  opposite  hemispheres  may 
maintain,  and  ultimately  give  rise  to  that  correction,  which 
observations  made  on  shore  appear  to  require.  At  sea  it  is 
probable  this  influence  (whatever  may  be  its  ratio  of  action) 
passes  into  that  which  occasions  local  attraction  to  be  a  vari- 
able quantity,  and  it  may  be  hoped  that  its  nature  would  be 
discerned  in  a  series  of  experiments  on  local  attraction  such 
as  we  have  suggested. 

No  remark  need  be  ofiered  on  the  beneficial  results  which 
might  be  hoped  for  in  developing  the  laws  by  which  the  deflec-  . 
tions  of  the  needle  are  regulated.  The  attention  which  has 
been  so  long  bestowed  by  the  public  at  large,  is  at  once  an 
answer  to  any  enquiry  that  could  be  made  on  that  subject. 
On  the  other  hand  much  might  be  urged  as  to  why,  after  so 
much  attention  has  been  paid  to  it,  the  enquiry  should  not  be 
prosecuted.  The  discoveries  as  to  the  identity  between  elec-  . 
tricity  and  magnetism  present  a  strong  inducement  as  that 
identity  connects  the  subject  with  other  branches  of  science. 
But  all  this  may  be  admitted,  and  the  interest  taken  by  the 
world  allowed,  and  it  may  yet  be  contended,  that  the  views  set 
forth  in  the  preceding  pages  will  not  aid  the  enquiry.  It  may 
be  said  that  no  physical  reason  can  be  given  why  the  needle 
should  be  attracted  to  any  point  on  the  arctic  circle;  and 
until  one  can  be  given,  consequences  derived  from  its  assump- 
tion deserve  no  consideration. 
Vol.  IV.— No.  20,  jlugust,  1839.  L 
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To  this  it  may  be  modestly  replied^  if  at  present  it  be  im- 
possible to  assign  any  reason  why  the  needle  should  be  attracted 
to  a  point  in  me  arctic  circle,  derived  from  the  pole  of  the 
ecliptic,  the  assumption  of  such  a  fact  has  cleared  the  subject 
of  variation  of  much  of  its  former  obscurity ;  and  therefore 
ought  not  to  be  despised  on  the  grounds  of  its  being  an  as- 
sumption. Scientific  enquiry  does  not  disdain  even  false 
assumption ;  some  of  the  most  elegant  and  conclusive  demon* 
strations  in  mathematics  owe  their  existence  to  it.  Logic 
gratefully  acknowledges  its  use ;  and  human  reasoning  on  all 
the  aflhirs  of  life,  without  it,  would  be  less  acute ;  but  in  scien- 
tific research  utterly  useless.  That  the  needle  is  attracted  to 
a  point  on  the  arctic  circle,  has  nothing  in  it  whereby  it  should 
be  condemned :  it  may  be  despised  if  it  be  an  inadequate  as- 
sumption, or  one  if  properly  examined,  which  proves  the  con* 
trary  of  that  which  it  is  brought  forward  to  prove ;  but  this 
cannot  be  urged  against  it.  On  the  contrary,  as  before  said, 
it  deam  the  subject  of  variation  of  much  of  its  obscurity,  and 
causes  the  deflections  of  the  needle  to  appear  with  that  order 
and  regularity  which  all  the  explored  laws  of  nature  appear  to 
follow.  On  the  other  hand,  the  assumption  may  be  con- 
demned, if  it  can  be  proved  to  have  been  taken  up  and  made 
to  agree  with  discoveries  otherwise  derived ;  but  this  cannot 
be  said.  The  assumption  was  made  and  communicated  to  the 
Riffht  Hon.  the  Lwis  Commissioners  of  the  Admiralty,  in 
1815.  It  has  not  been  changed  throughout  the  whole  p^nod 
of  the  polar  voyages,  was  confirmed  in  the  first  of  those  voy- 
ages, Capt.  Rosr  s  first  voyage ;  and  the  magnetic  meridian 
«hown  to  be  in  motion,  ana  this  with  so  much  apparent  accu- 
iBcy«  that  a  mean  annual  motion  of  that  meridian,  derived 
from  the  observations  of  that  voyage,  has  since  only  been  used, 
in  all  oases,  where  the  variation  has  been  computed,  according 
to  the  principles  of  the  assumption  as  laid  down  in  the  pre- 
ceding pages.  It  may  also  be  stated  that  in  Capt.  Parry's 
first  voyage  the  assumption  received  a  fiirther  con&mation  as 
may  be  seen  in  that  which  is  herewith  submitted ;  and  more- 
over it  has  enabled  the  author  to  do  what  no  other  person  has 
ever  attempted,  namely,  submit  all  the  observed  quantities  of 
Capt  Parry's  first  voyage  to  a  comparison  with  one  particular 
observation  made  in  England  at  the  earliest  period  tnat  varia- 
tion was  known;  and  thereby  deduce  more  regularity  in  the 
deflections  of  the  needle  than  has  ever  been  proved  to  exist 
under  any  other  test  of  examination.  It  may  also  be  added 
that  the  assumption  is  not  at  variance,  or  incompatible,  with 
any  of  die  known  phenomena  of  tlie  earth's  motion.  And 
although  it  may  at  present  be  impossible  to  give  a  ^ysical 
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Q  vhv  tlie  needle  diould  be  attracted  to  any  point  on  the 
arodc  cbele>  deriTable  from  the  pole  of  the  ecliptic^  yet  that 
recent  discoTeries,  as  to  the  identity  between  electricity  and 
mMnettam,  tofether  with  what  is  known  on  the  polarization 
of  ugfaty  woold  render  it  probable  that  the  time  may  not  be 
distant  wiien  it  shall  be  possible  for  science  to  assign  a  phy- 
sioal  reason  why  the  needle  should  be  so  attracted. 

With  a  view  of  glancing  at  this^  and  not  with  the  intention 
of  makine  any  assertion  on  the  subject,  I  may,  in  conclusion,  be 
permitted  to  remark,  that,  whatever  be  the  properties  of  light,  it 
either  emanates  from  the  sun  or  tends  to  the  sun  as  its  centre; 
and  that,  whatever  may  be  its  component  parts,  it  is  a  fluid;. 
Also,  that  the  earth  in  it6  motionround  the  sun,  passes  through 
this  fluid  with  a  double  motion,  one  rotatory  on  its  axis,  and 
the  other,  that  by  which  the  earth  advances  in  its  orbit.  Now, 
if  any  cl^nge  be  eflfected  in  light,  by  the  passage  of  the  earth 
through  it,  and  the  earth  can  be  supposed  to  be  a  recipient  of 
any  eflbcl,  under  those  changes,  it  would  probably  be  oiscem- 
aUe,  under  peculiar  circumstances  upon  the  arctic  and  antarctic 
circles.  This  remark  has  been  o^red  only  with  a  view  of 
diowing  that  there  does  not  i^pear  any  one  single  circum^ 
stance  in  the  phenomena  of  the  earth's  motion  which  can  be 
imiagined  as  a  reason  agunst  the  possibility  of  the  needle 
bang  attracted  to  a  point  on  the  arctic  circle ;  and  therefoiis 
it  is  hoped  their  Lordships  will  be  pleased  to  give  the  subject 
that  oonsideration  which  its  importance  an;>ears  to  require. 

EDWARD  NAYLER 
Circui,  Simthsea,  Feb.,  19, 1839. 

Xm.  InveitigaH<m$in  Magnetumand  Eketro-nuun 
By  James  P.  Joulb,  Esq.  In  tw  leUers  to  the  Editor. 

Broom  Hill,  near  Manchester,  May  28, 1839. 

Dear  Sir, 

I  am  now  able  to  send  you  an  account  of  my  further  inves- 
tigations on  electro-magnetic  attraction.  It  was  judged  to 
be  a  matter  of  the  first  importance,  in  a  research  like  the  fol- 
lowing, to  have  a  galvanometer,  the  indications  of  which 
mkdbt  be  depended  upon. 

Rg.  11,  Rate  III,  represents  the  plan  of  my  galvanometer; 
n  is  Uie  needle,  2  inches  long.  The  wire  is  10  feet  long,  :and 
l-16thof aninch  in  diameter;  it  is  disposed  in  foiu:  coils, 
and  cups  are  placed  at  the  parts  of  the  wire  marked  a,6,c,£l,e. 
llie  wure  creeses  at  or,  a>  in  every  other  part  it  is  in  the 
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same  plane.  It  will  be  seen  that  by  this  contrivance  the  forces 
of  the  several  coils  are  made  equal,  or  as  it  seems  not  per- 
ceptibly different. 

The  process  of  graduation  was  conducted  in  the  following 
manner.  The  electricity  of  a  constant  battery  was  first 
passed  through  each  of  the  coils,  and  the  deflection  of  the 
needle  was  observed  to  be  equal  for  each.  A  current  of  a 
certain  intensity  was  then  passed  from  a  to  6,  a  to  c,  a  to  d, 
and  a  to  e,*  and  I  marked  the  several  deviations  of  the  needle 
on  the  card  of  the  instrument  1,  2, 3,  4.  I  then  increased 
the  power  of  the  battery  until  the  needle  stood  at  2,  when 
the  current  passed  from  atob;  the  former  process  was  then 
repeated,  and  I  marked  on  the  card  2,  4,  6,  8 ;  and  going 
o^  in  this  manner  I  obtained  the  numbers  1,2,3,4,6, 8,9, 12, 
16,  &c.  When  the  galvanometer  is  used  the  current  of  electri- 
city is  passed  from  a  to  6,  and  the  above  numbers  represent 
absolute  quantities  of  electricity. 

.  In  order  to  give  you  a  definite  idea  of  the  quantities  of 
electricity  indicated  by  my  galvanometer,  I  took  a  diluted 
acid,  consisting  of  10  parts  of  water,  and  1  part  of  sulphuric 
aqid  sp.  gr.  1'^,  and  passed  through  it  a  current  =  1.  In 
seven  minutes,  62  cubic  inches  of  the  mixed  gases  were  pro- 
duced. The  electrodes  were  pointed  platina  wires  1.1  inch 
asunder. 

The  magnets  used  below  were  those  described  in  my  last.f 
They  are  straight  and  square,  7  inches  long,  and  wound  with 
22  feet  of  copper  wire  l-16th  of  an  inch  in  diameter.  Five 
of  them  are  of  sblid  iron,  and  five  corresponding  ones  of  square 
iron  wire.  The  sides  of  the  squate  sections  of  Nos.  I,  are 
3-1 1  th  of  an  inch,  and  this  dimension  is  successively  increased 
by  1-llth  until  Nos.  V,  which  are  7-llths  of  an  inch. 

The  iron  magnets  were  successively  suspended  to  the  beam 
of  a  balance,  and  the  corresponding  wire  magnets  were  brought 
underneath,  so  that  l-8th  of  an  inch  intervened  between  the 
poles  of  the  two  magnets.  The  electricity  of  forces  exhibited 
in  the  table  was  passed  in  one  current,  through  the  wires  of 
the  magnets,  and  the  coil  of  the  galvanometer.  The  attraction 
is  measured  in  grains. 


*  I  took  care  to  decrease  the  resistance  of  the  battery  wires  in 
proportion  as  the  length  of  that  part  of  the  galvanometer  wire 
through  which  the  current  passed  was  increased. 

t  See  page  58.  of  the  present  volume.    Edit. 
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Table  I. 


QaADtities 

of 
Electricity. 

I 

11 

^agnet 
III 

S, 
IV 

V 

6 

76 

65 

88 

62 

42 

8 

133 

100 

180 

103 

98 

12 

268 

296 

300 

286 

206 

16 

500 

548 

530 

560 

410 

34 

1080 

1280 

1190 

1210 

1050 

In  order  to  vary  these  experiments,  and  with  a  view  of  as- 
certaining what  effect  an  increase  of  length  would  produce,  I 
<K)nstructed  ten  more  electro-magnets  of  the  same  sectional 
areas,  but  14  inches  long,  or  double  the  former  length,  and 
wrapped  with  22  yards,  or  three  times  the  length,  of  similar 
wire.  I  and  II  were  made  of  square  iron  wire,  the  rest  of 
solid  iron. 

Table  2. 


Qoantitief 
Electricity. 

I 

i 
11 

^agneti 
m 

P. 
IV 

V 

8 
corrected 

410 
675 

667 
990 

1150 

1205 

1175 

12 

690 
1080 

1170 
1740 

2150 

3026 

2626 

16 
corrected 

1000 
1460 

1920 
2710 

4675 

5687 

4675 

24 
corrected 

1460 

2080 

3500 
4750 

9625 

11812 

10500 

Every  one  of  the  magnets  used  above  (except  Nos.  I 
and  II  in  the  second  table)  was  wrapped  to  two  thicknesses 
by  the  wire,  and  in  the  large  ones  the  iron  was  left  uncovered 
at  equal  intervals.  I  must  mention,  however,  that  Nos. 
I  and  II  in  the  last  table  were  wrapped  to  three  thicknesses 
in  some  parts  on  account  of  their  small  size ;  and  on  calcida- 
tion  I  find  that  on  this  account  the  attractions  under  those 
numbers  should  be  corrected  as  in  the  table. 

It  does  not  appear  from  the  results  of  these  experiments 
that  there  is  any  great  detriment  in  the  increase  of  the  length 
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of  the  iron.  It  is  plain  that,  as  the  magnets  in  table  2  are 
wrapped  with  three  times  the  length  of  wire^  24  of  electricity 
in  tne  first  table  should  have  me  same  effect  as  8  in  the 
second  table.  The  difference  is  due  to  the  increased  length 
of  iron.  I  do  not  think  myself  justified  in  assigning  any 
amount  to  this  difference^  which,  however,  seems  to  increase 
in  value  as  the  section  of  the  magnets  decreases.  In  order 
to  determine  this  and  many  other  circumstances  of  great 
interest^  it  would  be  necessary  to  conduct  these  experiments 
in  a  much  more  comprehensive  manner  than  I  have  done ; 
and  particularlv  to  examine  minutely  into  the  various  powers 
of  hard  and  son;  iron  and  wire. 

I  think,  however,  that  I  have  by  these  experiments  dis- 
covered a  most  important  law,  namely :  The  attractive  force 
of  the  electro-magnet  is  directly  as  the  square  of  the  electric 
force  to  which  its  iron  is  exposed:  ori/E  denote  the  qtiantitv 
of  electricity y  M,  the  magnetic  attraction,  and  W  the  length 
o/wire,M  =  E*W\ 

It  must  be  confessed  that  .there  are  many  instances  in  the 
above  tables  which  seem  to  form  exceptions  to  this  law.  I 
consider^  however,  that  the  effects  of  magnetic  inertia,  and 
the  sources  of  error  which  I  found  it  impossible  to  avoid,  are 
sufficient  to  account  for  these ;  perhaps  the  fairest  way  of 
comparing  the  theory  with  experiment,  is  to  take  the  means 
of  aU  the  numbers  in  the  first  table ;  and  the  means  of  III, 
IV,  y,  in  the  second;  omitting  I  and  II,  because  it  is  clear 
that  they  are  at  last  becoming  saturated  with  magnetism. 
Here  are  the  means  of  the  numbers  obtained  by  exi>erimentj 
and  against  them  are  the  calculated  results. 


From  1st  Table. 

From  2rf.  Table. 

ElMtriolty. 

Expeiimrat. 

Calculatton. 

Ezperimrat 

6 

66*4 

66-4 

8 

123 

lis 

1177 

1177 

13 

369 

265 

2600 

264S 

16 

608 

473 

4079 

4708 

34 

1163 

1063 

10646 

10593 

Anxious  to  know  whether  this  law  obtained  in  lifiing,  as 
well  as  in  distant  attraction,  I  made  the  following  rough  ex- 
periment. I  used  a  horse-shoe  electro^magnet  made  of  a 
cylinder  of  iron,  7  inches  long,  S-^Sths  of  an  inch  in  ^ameter, 
and  wound  witih  5  yards  of  thick  copper  wire.  The  law  se^ns 
in  this  case  to  foil  principaUy  because  the  iron  is  sooner 
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latimted  with  magnetism ;  hence  the  propriety  of  making 
jlectro- magnets  for  lifting  of  considerable  bulk. 


Electricity. 

Liftl^  power  in  Ibe. 

CalcolaUoD. 

4 

6 

8 

13 

3*6 
6-6 

11-6 

31 

8-0 
)4'0 
31-5 

It  it  surprising  to  see  how  alike  the  attractions  of  the 
diflferent  electro-magnets  are  when  exposed  to  the  same 
electric  force.  From  this  I  infer  that  litUe  difference  of  effect 
would  be  produced,  of  whatever  shape  or  size  the  sectional 
area  of  the  magnets  might  be,  provided  that  their  weight  and 
length  remain^  the  same. 

I  can  scarcely  doubt  that  electro-magnetism  will  eventually 
be  substituted  for  steam  in  propelling  machinery.  If  the 
power  of  the  engine  is  in  proportion  to  the  attractive  force  of . 
its  magnets,  and  if  the  attractive  force  is  as  the  squares  of  the 
electric  force,  the  economic  effect  will  be  in  the  direct  ratio 
of  the  quantity  of  dectricity,  and  the  cost  of  working  the 
engine  may  be  reduced  ad  infinitum.  It  is,  however,  to  be 
determined  how  far  the  effects  of  magnetic  electricity  may 
disappoint  these  expectations. 

I  find  that  the  plan  which  I  had  proposed  to  myself  for  a 
new  engine  must  yield  to  the  views  dicited  by  these  experi* 
ments.  As  fsur  as  I  can  see  at  present  I  think  it  will  be  best 
to  use  only  two  very  large  electro-magnets,  and  to  expose 
those  two  to  all  the  electric  power  I  can  command. 
I  remain,  dear  Sir, 
Yours  truly, 

JAMES  P.  JOULE. 


Broom  Hill,  near  Manchester,  July  10, 1839. 
Dear  Sir, 

The  following  experiments  were  designed  for  the  '^experi- 
mentum  crucis'*  of  Uie  theory  given  in  my  last  letter.  I  have 
here  measured  the  magnetic  attractions  at  various  distances^ 
and  flatter  myself  that  the  results  are  not  unworthy  of  your 
notice. 

Two  pairs  of  electro-magnets  were  constructed.  E^ch  of 
the  first  pair  was  made  of  iron,  30  inches  long  and  1  inch 
jqaare ;  each  of  the  second  pair  30  inches  long,  2  inches  broad, 
and,  1  inch  deep.  The  sharp  edges  were  ground  down  to  pre- 
vent inconvenience  in  the  winding  of  the  wire.     Ektch  mag. 
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net  was  properly  insulated  and  wound  with  88  yards  of  covered 
copper  wire  l-16th  of  an  inch  in  diameter. 

xhe  attractions  were  measured  in  precisely  the  same  man- 
ner as  before,  saving  the  substitution  of  copper  for  wood  to 
keep  the  magnets  at  the  proper  distance  apart  The  attrac- 
tion of  the  suspended  magnet  for  the  fixed  one  is  measured 
in  ounces,  avoirdupois. 

16      24    39 


Electricity        6         8 


12 


J,  r.t  J  inch  I  Experiment 


Li  inching"-; 


6.25 
6.25 


2.5 
2.5 


33 
32 


13 
12.44 


525 
5.33 


27 
25 


12 

n.i 


5 
4.44 


9.5 
10 


124 
128 


47 
49.7 


18 
21.3 


100 
100 


40 
44.4 


17  5 
17.7 


260 


96 
112 


62 
85.3 


240 
224 


96 
100 


The  experimental  results  are  quite  as  near  to  the  theoretical 
as  I  can  expect,*  considering  the  several  sources  of  error 
which  are  liable  to  interfere.  Those  belonging  to  the  first 
pair  are  particularly  satisfactory,  especially  if,  with  regard  to 
Uie  numbers  under  16,  24,  and  32,  we  make  an  allowance  for 
the  saturation  of  their  iron. 

I  inferred  from  the  experiments  detailed  in  my  last  letter, 
that  little  difierence  of  power  would  result  from  the  mere 
alteration  of  the  shape  of  the  sectional  area  of  the  iron  of  the 
electro-maenet ;  that  view  is  confirmed  by  the  experiments 
just  related,  in  which  it  will  be  seen  that  little  difference  exists 
between  the  mametic  powers  of  the  first  and  second  pairs, 
and  even  that  difference  may  be  partly  accounted  for,  when 
we  take  into  account  the  difiiculty  of  winding  the  covered 
wire  closely  to  the  sides  of  broad  rectangular  iron. 

These  magnets  were  wound  to  two  thicknesses  by  the 
covered  wire,  and  in  other  respects  were  similar  to  those  I 
have  before  used:  we  can  therefore  estimate  the  effect  arising 
from  increase  of  length.  These  magnets,  30  inches  long,  with 
88  yards  of  wire,  and  (6)  electricity,  sustained  at  l-8th  of  an 

*  I  am  sorry  that  circumstances  prevented  me  from  repeating 
the  experiments  once  or  twice.  If  I  had  done  so,  and  taken  the 
means^  I  should  certainly  have  come  much  nearer. 
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inch  distance  the  mean  veight  7000  grs.;  whilst  the  mean 
suataining  {wwer  of  numbers  3,  4,  5,  in  my  last,  was  with  the 
same  electric  force,  or  22  yards  of  wire,  and  (24)  electricity, 
10646  grs. 

I  have  made  some  experiments  which  show  that  the  law  of 
the  attraction  of  straight  steel  magnets  for  each  other,  is  in 
the  inverse  ratio  of  the  distances  whenever  the  length  of  the 
magnets,  compared  with  their  distances  asunder,  was  so  great 
as  to  render  insensible  the  action  of  the  distant  poles.  On 
examining  the  above  table  the  same  ratio  will  be  found  to 
hold  good  with  regard  to  the  electro -magnets,  with  a  modifi- 
cation which  is  probably  entirely  owing  to  the  increased 
development  of  magnetism  in  consequence  of  the  approach  of 
the  electro- magnets  towards  one  another. 
1  remain,  Dear  Sir, 

Yours  most  respectfiilly, 

J.  P.  JOULE. 


XIV.  Experimental  and  Theoretical  Researches  in  Elec- 
tricitj/f  Magnetism,  8fc.  Third  Memoir,  By  William 
Sturgeon,  Lecturer  on  Experimental  Philosophy  at  the 
Honourable  E^st  India  Company's  Military  Seminary, 
Addiscombe,  &c. 

On  the  direct  action  which  caloric  exercises  on  magnetic 

poles. 

138.  llie  cause  of  the  phenomena  of  terrestrial  magnetism, 
notwithstanding  the  close  application  of  much  philosophical 
talent  to  the  subject,  still  remains  concealed  within  a  dense 
cloud  of  mystery,  penetrable,  perhaps,  only  by  progressive 
steps  of  development,  between  which  long  periods  of  time  may 
possibly  intervene.  The  discoverv  of  electro-magnetism, 
however,  has  done  much  to  tranquillize  the  minds  of  philoso- 
phers to  one  general  opinion  respecting  the  grand  source  of 
terrestrial  magnetic  action ;  ana  the  appearance  of  thermo- 
electricity has  ^yen  a  sanction  to  the  hypothesis  which,  in- 
dependently, might  never  have  been  conferred  on  it.  But 
whether  the  main  phenomena  of  terrestrial  magnetism  be  due 
to  circumflowing  electric  floods  or  to  some  other  grand  physical 
cause,  there  are  certainly  some  singular  minor  phenomena  which 
may  probably  be  traced  to  the  influence  of  other  natural 
agencies ;  and,  independently  of  any  electiic  currents  which 
it  may  be  supposed  to  excite,  solar  heat  alone,  appears  to  me 
to  play  a  very  active  part,  and  especially  in  the  diurnal  varia- 
tions.   I  am  well  aware  that  this  opinion  is  far  from  being  a 
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novel  one ;  it  is  indeed  the  opinion  of  many  philosophers  of 
the  present  day,  and  although  not  much  supported  either  ex- 
perimentally or  other  wise,  I  believe  it  to  be  generally  acknow- 
ledged by  all  those  who  have  paid  a  due  attention  to  the 
phenomena.  With  the  exception  of  the  interesting  experi- 
ments of  M.M.  Coulomb^  Bwrlow,  and  Christie,*  f  know  of 
none  that  have  been  devoted  directly  to  the  elucidation  of 
magnetic  phenomena  under  various  temperatures;  and  al- 
though the  experiments  I  am  about  to  describe  are  of  a  very 
different  description  to  any  recorded  by  those  philosophers, 
and  have  afforded  perfectly  novel  results,  and  developed 
unsuspected  relations  of  heat  to  magnetism,  which  to  me  have 
appeared  to  bear  directly  on  the  subject,  I  cannot  pretend  to 
say  what  may  be  their  aspect  to  others,  nor  how  far  philoso- 
phers may  be  disposed  to  apply  them  to  the  solution  of  the 
curious  and  hitherto  intricate  problem  which  the  needle's 
diurnal  variations  have  so  long  presented  to  their  notice. 

139.  The  experiments,  as  has  already  been  stated,  (1 14note)t 
originated  in  a  search  for  thermo-electric  currents  in  a  per- 
manent steel  magnet,  and  they  were  carried  on  in  the  follow- 
ing manner.  A  magnetic  needle,  four  inches  long  and  fur- 
nished with  an  agate  cap  support^  on  a  fine  steel  point  in  the 
centre  of  a  graduated  circle,  was  placed  on  a  firm  table,  and 
the  meridian  line  of  the  card  properly  adjusted  to  the  vertical 
plane  passing  through  the  poles  of  the  needle.  In  a  horizontal 
plane,  four  inches  higher  than  that  in  which  the  needle  was 
situated,  and  12  inches  eastward  of  the  needle's  pivot,  was 
placed  a  flat  bar  magnet  of  steel.  The  dimensions  of  the  bar 
are  ei^ht  inches  long  by  one  inch  broad,  and  about  a  quarter 
of  an  mch  thick.  It  was  well  hardened  and  magnetiz^,  and 
when  placed  nearly  parallel  to  the  magnetic  meridian,  havinff 
its  centre  opposite  to  the  pivot  of  the  needle,  and  its  markea 
pole  southward,  the  south  end  of  the  needle  was  drawn 
towards  the  magnet  2|* ;  a  position  selected  for  it  to  stand  in 


*  Subsequeniljr  to  the  reading  of  this  memoir  I  observed  in  Dr. 
Brewster's  Treatise  on  Magnetism  that  Prof.  Kupffer  had  also 
made  some  experiments  of  tnis  kind,  and  had  ascertained  some  im- 
portant facts,  similar  to  a  few  of  those  which  I  met  with  in  this 
mvestigation.  But  as  the  mode  by  which  I  proceeded  is  very  dif- 
ferent to  that  pursued  by  Prof.  Kupffer,  and  as  several  of  the  facts 
which  have  been  developed  by  my  experiments  have  not  been  met 
-with  by  that  philosopher,  I  have  not  deemed  it  necesBary  io  aher 
4he  original  form  of  this  memoir. 

+  See  page  46  of  this  volume. 
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QBiil'  the  heat  of  a  spirit  lamp  should  be  applied  to  the 
magnet.* 

140.  Hie  needle  being  thus  adjusted  and  perfectly  at  rest, 
the  flame  of  a  spirit  lamp  was  placed  directly  under  the  marked 
end  of  the  magnet^  and  in  such  a  position  as  it  might  heat 
the  polar  point,  which  is  always  situated  at  some  distance  (half 
an  inch  or  more  in  some  magnets)  from  the  extremity  of  the 
bar,  to  the  greatest  extent.  In  a  very  short  time  the  needle 
was  observra  to  move  in  consequence  of  the  heat  varying  the 
magnetic  action  of  the  bar;  but  mstead  of  its  south  end,  which 
was  nearest  to  the  heated  pole  of  the  magnet,  receding  to  the 
meridian,  as  I  had  been  led  to  expect,  it  soon  showed  its  ten* 
dency  to  move  the  other  way,  and  to  increase  the  angle  of 
deflection.  This  novel  result  led  me  to  continue  the  heat  for 
some  considerable  time,  and  until  the  heated  end  of  the  mag- 
net had  passed  through  all  the  shades  of  colour  from  that  of 
pale  straw  to  pale  blue,  and  eventually  the  needle  marked  an 
angle  of  6.5"",  naving  gained  4"  of  deflection  by  the  heating 
process.  The  lamp  was  now  removed  from  the  magnet,  and 
m  one  minute  afterwards  the  needle  was  observed  to  recede 
again,  and  the  angle  progressively  diminished  as  the  bar 
became  of  a  more  equable  temperature  throughout ;  and  when 
the  general  temperature  had  again  subsided  to  the  original 
staoidard  the  needle  rested  at  a  deflection  of  4%  being  1.5^ 
more  than  the  original  angle  prior  to  the  application  of  the 
lamp.  This  experiment  was  repeated  by  again  placing  the 
lamp  under  the  marked  end  of  the  magnet  until  the  needle 
again  marked  an  angle  of  6.5^.  When  the  magnet  bad 
cooled  to  its  first  temperature  the  angle  of  deflection  was  again 
4^.  H^ice  the  results  in  both  experiments  were  precisely  the 
same ;  at  least  the  extreme  and  terminal  aneles  of  deflection 
were  respectively  the  same  as  the  extreme  ana  terminal  angles 
in  the  former  experiment 

141.  The  lamp  was  now  placed  imder  the  unmarkedfole  d 
the  magnet,  and  shortly  afterwards  the  needle  was  observed 
to  move  towards  the  meridian  line  of  the  card.  In  about  ten 
minutes  the  deflection  was  0"",  but  the  needle  ccyold  not  be 
made  to  pass  that  point,  although  the  lamp  was  kept  under 
the  magnetic  pole  for  fifteen  minutes,  at  the  •expiration  of 
which  time  it  was  removed.  The  needle  shortly  after  the 
removal  of  the  lamp  began  to  return  to  its  previous  deflection^ 

-  *  This  position  of  the  needle  was  afterwards  found  to  be  of  no 
particular  use,  and  after  a  few  preliminaiy  experiments  the  magm 
mticmeriHan  was  chosen  for  the  first  position  or  the  iioedlein  each 
^vperigient  of  this  kind. 
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and  when  the  magnet  bad  been  restored  to  its  original  tem- 
perature the  needle  came  to  rest  at  2.5^  or  precisely  in  its 
original  position  prior  to  the  Application  of  beat  in  the  first 
experiment. 

142.  The  results  of  the  above  experiments  will  be  more  con- 
spicuously exhibited  in  the  following  tabulated  form.  The 
deflections  are  given  for  the  north  end  of  the  needle. 

First  Experiment, 

The  magnet  4  inches  above  the  level  of  the  needle  parallel 
tb  it,  and  its  centre  12  inches  to  the  eastward  of  the  needle's 
pivot.  See  the  whole  arrangement  in  fig.  1,  PL  III.  The  dotted 
needle  is  the  new  position  taken  by  the  compass  needle  when 
the  lamp  is  appliea  to  the  marked  pole  of  the  magnet. 

Deflections. 

Before  the  magnet  was  heated .    2.5"  W  -%  Transient  \  ^  a  a* 
Marked  pole  heated     ....    6.5  W  5  difference  >  "" 

When  the  magnet  had  returned  *^  J  4  (i»  w  -. 
its  original  equable  temperature  $   '  f  Permanent  /  _|  ft. 

Original  deflection  ...    2,5  W  i  difference  ^  — 

Second  Experiment.    fFig.  2. J 
The  situation  of  the  magnet  as  in  the  first  experiment. 

Deflecttons. 

Before  the  magnet  was  heated  •    4.(rW  ^  Transient  )  ^a  ^v. 
Unmarked  pole  heated.     ...    0.0  W  )  difference  5  ""  '" 

When  the  magnet  had  returned  to  J  «  5»  W  1  o 
its  original  equable  temperature  J    *         f  Permanent  f  -- 1^ 
Original  deflection.    .    .     4.0  W >  difference  ^       "^ 

143.  There  is  something  singularly  uniform  in  the  results 
of  these  two  experiments^  from  which  it  would  appear  that^ 
when  the  original  magnetic  force  is  disturbed  by  an  augmen- 
tation of  temperature  at  one  extremity  of  the  bar  much  above 
that  of  the  other  by  any  quantity  F,  the  resulting  permanent 
ioxcefy  will  always  be  in  a  certain  ratio  with  it.  In  both  the 
above  experiments^  if  we  assume  the  deflections  of  the  needle 
to  be  due  to  the  introduction  of  a  new  force  into  the  magnet, 
the  transient  new  force  F  is  to  the  resulting  permanent  new 
force^as  4 :  1.5^  or  at  least  as  nearly  so  as  those  arcs  are  to 
their  sines,  which  in  this  case  would  be  a  tolerable  approxima- 
tion. Now,  from  whatever  cause  the  variation  in  the  mag- 
netic intensity  may  have  immediately  proceeded,  they  obvi- 
ously originated  from  the  agency  of  caloric  as  a  disturbing 
force^  whose  action  on  the  magnet,  even  by  a  diversity  of  effects^ 
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might,  directly  or  indirectly,  be  productive  of  the  phenomena 
exhibited  by  the  needle.  For  instance,  the  phenomena  might 
obviously  be  explained  by  admitting  any  of  the  following 
effects  being  produced  in  the  magnet  by  the  action  of  caloric. 
By  an  augmentation  of  power  in  the  heated  pole ;  by  a  dimi- 
nution of  power  in  the  cooler  pole ;  by  an  augmentation  of 
power  in  both  poles,  but  to  the  greatest  extent  in  the  heated 
one ;  by  a  diminution  of  power  in  both  poles,  but  greatest  in 
the  cooler  one ;  by  a  change  of  position,  in  the  bar,  of  either 
north  or  south  pole,  or  of  both  of  them.  Under  any  of  these 
circumstances  the  deflections  of  the  needle  might  obviously 
have  occurred,  and  perhaps  there  are  some  others  which  the 
heat  might  have  occasioned  in  the  magnet  that  would  have 
been  productive  of  similar  deflections.  I  thought  also  of  the 
effects  which  thermo-electric  currents  might  produce  on  the 
needle  provided  their  eidstence  could  be  admitted ;  and  al- 
thouffh  the  permanent  effects  which  were  left  on  the  magnet 
could  not  be  easily  reconciled  to  their  action,  the  transient 
deflections  having  an  obvious  dependence  on  the  point  of  heat 
requiredfiirther  experimental  investigation  to  ascertain  whether 
the  presence  of  thermo-electric  currents  were,  or  were  not,  the 
cause.  For  this  puipose  three  other  stations  were  selected 
for  the  magnet,  and  experiments,  similar  to  those  already 
described,  were  made  at  each  station.  The  magnet  was 
brought  closer  to  the  needle  in  expectation  of  the  effects  being 
increased.      The  results  are  arranged  in  the  following  tables. 

Third  Experiment.     (See  Fig.  I.  J 

The  magnet  re-magnetized  4  inches  below  the  level  of  the 
needle  and  6  inches  to  the  east  of  it.  Marked  pole  southward. 

DeflectioDs. 

Before  the  ma^et  was  heated  .    2.0  W  ^Transient )  «. «  e 
Marked  pole  heated    •    .     .    .  10.5  W  5  difference  J- ^-^ 

When  the  magnet  had  returned  *<>  ?  e  0*  W  ^  u 
its  original  equable  temperature  5    '         f  Permanent  f  —  4* 
Original  deflection .     .     .     2.0  W  ^  difference  ^ 

Fourth  Experiment.     (See  Fig.  2.  J 
The  situation  of  the  magnet  as  in  the  third  experiment. 


Deflections. 

heated  . 
Unmarked  pole  heated 


Before  the  magnet  was  heated  .    6.0*W  i Transient )_ q  e. 
■  "   •         '         .     .    2.5  ES  difference  5-^-^ 


When  the  magnet  had  returned  to  i  0  a*  w  ^  -,  -> 

its  original  equable  temperature  J-^-"  ^  /  Permanent/ 

Original  deflection  .    ,    .    a.O  W  ^  difference  ^  *  * 
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144.    Fifth  Experiment.    (Fig.  3. J 

Magnet  nearly  parallel  to  the  magnetic  meridian ;  4  inches 
below  the  level  of  the  needle,  and  6  inches  westward  of  iU 
Marked  pole  of  the  magnet  southward.  Its  force  was  that 
leflt  by  the  last  experiment 


OellactioM. 

_        iras  heated . 
Marked  pple  Iieated 


Before  the  magnet  was  heated  .    2.0° W  >  Transient  J— ^  <to 
...    25   ESdiflTerenceJ^'*'^ 


When  the  ma^et  had  returned  to  >  .  o  ^e  xzr  ^ 
ill  original  equable  temperature  S     -^^^  i Permanent / ^^ ^  . 
Origiiid  deflection.    .    .    2.0    W^  difference  ^-  • 


Sixth  Experiment.    /Fig.  4  J 

The  situation  of  the  maenet  the  same  as  in  the  fifth  expe- 
riment.   Not  re-magnetized. 


Dtflertioni. 


Before  the  magnet  was  heated    .   I*75*W  > Transient  J--0.050 
Unmarked  pole  heated    .    .    .      5-5'W  $  difference  $ 

When  the  magnet  had  returned  to  ^  t  .75,  w  ^  -^  ^ 

itsoriginal^uable  temperature  $    '^      ?  vIP^®'**  ?  — o* 
Original  deflection    .    .    .    1-75WS  d^'«"^«  5"" 

145.  The  results  of  the  fifth  and  sixth  experiments  being 
so  very  different  to  any  of  the  preceding  ones,  it  occurred  to 
me  that  this  difference  must  either  arise  from  the  new  posi- 
tion of  the  magnet  (west  instead  of  east  of  the  compass 
needle)  or  from  a  want  of  re-magnetizing.  Accordingly  these 
experiments  were  repeated  under  precisely  the  same  circum- 
stances as  before,  with  the  exception  of  the  magnet  being  re- 
magnetized  by  the  application  of  a  horse-shoe  magnet.  The 
following  are  the  results  of  a  repetition  of  the  fifth  and  sixth 
experiments. 

Fifth  Experiment  repeated.    (Fig.  3. J 
Magnet  re-magnetizedr 

ndUctfons. 

Before  the  mnnet  was  heated    .  T  W    ^Transient  }_j|^r. 
Marked  pole  heated      ....  6-75E  5<Kfference  J"^'^ 

When  the  magnet  had  returned  J  ^.25.^  3  p  ^ 

to  its  oriirinal  equable  temperature  3  t  remanent  f  ^A^ny 

Original  deflection     .    .    ^W     J  difference  J - 
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Sixth  Experiment  repeated.    (Pig-  ^J 
Magnet  not  altered  from  last  experiment. 

IMfectlont. 

fiefore  the  magnet  was  heated    .  2*25^  £  > Transient  {--g.^ft* 
Unmarked  pole  heated       .     •    .   6'W     JdiflTerence  3"" 

When  the  magnet  had  returned  ^ .  ^ ..  pi 
to  its  original  equable  temperature  ^  ?  Permanent  /  ^ . . 

Original  deflection     .    .    2^'  E  5  difference  )  — 

Seventh  Experiment.    (Fig.  3.  J 

Ma^et  retouched.    Situated  4  inches  above  the  needle 
and  6  inches  westward  of  it.    Marked  pole  southward. 

DdUctlons. 

Before  the  magnet  was  heated    •  2*  W  ^Transient  }_.  . 
Market  end  heated 5*5*  E  5 difference  J— '^*^' 

When  the  magnet  had  returned  ^ «... »  ^ 
to  its  original  equable  temperature  3  (  Permanent  /  ;^3-75, 

Origmal  deflection    •    .    2*  E      >  difference  ^ 

Eighth  Experiment.    (Fig.  \.) 
Magnet  not  molested  since  seventh  experiment. 


DeflMttooft. 


Before  the  magnet  was  heated    •   1*75*  E  )  Transient  )-^.os* 
Unmarked  pole  heated       .    •    •  S-S'W  5  difference  > 

When  the  magnet  had  returned  K^eoiir^ii  ^^ 

toitsoriginalequabletemperature  J*^^  ^  V^^^^^^\z=2rb- 
Original  deflection    .    .     i  ^50  e  ^  difference  > 

146.  The  uniformity  which  the  results  of  these  experiments 
have  manifested  is  so  remarkably  exact  as  almost  to  surpass 
belief;  and  I  have  myself  really  been  astonished  at  the  ri- 
gid accuracy  in  the  corresponding  phenomena,  as  they  were 
successively  developed^  and  over  the  display  of  whicb»  I  was 
soon  led  to  discover^  I  bad  no  possible  control^  when  the  cir- 
cnmitances  of  the  experiments  were  strictly  the  same.  The 
transient  deflections,  which  appear  in  the  tables,  were  the 
greatest  I  could  obtain  by  the  means  employed.  They  inva- 
riably increased  ipost  rigidly  within  the  first  seven  minutes 
after  the  application  of  the  spirit  lamp ;  and  generally  attained 
a  maximum  before  the  expiration  of  twelve  minutes.  A 
longer  continuation  of  beat  would  sometimes  cause  an  increase 
of  a  quarter  of  a  degree,  but  hardly  ever  more,  and  in  no 
instance  could  I  get  an  increase  of  deflection  after  the  ex- 
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f>iration  of  fifteen  minutes^  although,  on  some  occasions^  the 
amp  was  kept  burning  under  the  pole  of  the  magnet  for 
more  than  half  an  hour. 

147.  The  maximum  and  minimum  deflections  due  to  heat 
in  the  last  six  experiments  were  so  obviously  near  to  the  ratio 
of  2 :  ly  throughout  the  whole  series  that  one  would  be  led  to 
imagine  that  such  is  the  absolute  ratio  of  the  maximum  and 
minimum  disturbing  forces,  or  of  the  changes  which  took 
place  in  the  magnet  by  the  action  of  caloric.  Hence,  by 
again  representing  those  forces  by  F  and/  respectively,  we 
have 

F:/;  :2:  1  or  F=i2/. 

which  is  the  remarkably  simple  law  developed  by  these  ex- 
periments. 

148.  It  is  true  that  the  first  results  of  the  fifth  and  sixth 
experiments  are  not  conformable  to  that  law ;  but  it  must  be 
remembered  that  they  were  not  made  under  the  same  circum- 
stances as  the  rest.  The  magnet  had  not  been  retouched 
since  the  fourth  experiment,  and,  consequently,  was  still 
under  the  effects,  whatever  they  were,  of  the  process  of  the 
two  preceding  experiments :  and  it  cannot  but  be  interesting 
to  observe  the  remarkable  correspondence  of  the  results  of 
these  experiments  when  repeated,  with  the  magnet  retouched, 
with  those  of  all  the  rest. 

149.  The  first  results  of  the  fifth  and  sixth  experiments, 
though  not  in  accordance  with  the  same  law  which  is  so  ob- 
viously attached  to  the  others,  are  not  without  a  due  share  of 
interest  They  show  that  there  may  be  a  possibility  of  com- 
pletely extinguishing  these  permanent  effects  of  heat  upon 
the  magnet  which  are  so  conspicuously  manifested  by  the 
other  experiments :  and  they  prove  to  demonstration,  that  the 
transient  effects  may  be  considerably  abated  by  renewed 
applications  of  heat  to  the  magnet.  But  at  this  stage  of  the 
enquiry  the  phenomena  seem  to  admit  of  such  a  diversity  of 
causes  for  their  explication;  and  so  many  thoughts  flash 
across  the  mind  respecting  the  most  eligible  mode  of  pursuit, 
that  it  is  extremely  difficult  to  choose  that  experiment  whidi 
ought  to  be  made  first,  in  preference  to  any  other,  for  the 
purpose  of  arriving  the  most  speedily  at  conclusive  results. 
The  point  which  appeared  most  easy  tp  decide  was  that 
respecting  electric  currents  which  might  be  supposed  to  be 
generated  by  the  action  of  the  applied  heat :  but  if  any  such 
currents  have  existed  the  phenomena  hitherto  exhibited  by 
the  compass  needle  have  not  given  any  indications  of  that 
regularity  of  their  magnetic  actions  as  ought  to  have  been 
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expected  from  the  known  laws  of  electro-magnetism ;  unless^ 
indeed,  they  have  taken  very  different  routes  to  any  previously 
developed  by  heat  in  the  simple  metals.*  For  it  is  obvious 
that  the  deflections  of  the  needle  were  in  the  same  direction 
with  respect  to  the  point  of  heat  on  the  magnet  whether  the 
latter  was  above  or  below  the  level  of  the  needle;  an 
occurrence  not  likely  to  have  taken  place  from  the  influence  of 
electric  currents.  Moreover^  the  quantity  of  action  at  the 
distance  (6  inches)  between  the  magnet  andneedle^  was  much 
greater  than  any  known  thermo-electric  current  could  pro- 
duce :  and  the  residual  permanent  action  could  not  easily  be 
reconciled  to  the  operation  of  any  such  agency.  However, 
to  decide  this  point  still  more  effectually,  the  magnet  was 
{daced  on  the  same  horizontal  level  as  the  needle  and  at  the 
same  distance  (6  inches)  from  it  as  before :  first  on  the  west 
and  then  on  the  east  side  of  the  needle :  heat  beinff  applied 
at  each  station  as  in  the  preceding  experiments :  for  it  was 
obvious  that  if  the  deflections  were  due  to  a  direct  action  of 
caloric  on  the  polar  forces  of  the  magnet,  independently  of  an 
intermediate  agency  of  electric  currents,  the  horizontal  action 
on  the  needle  would  be  greater  than  when  the  magnet  was 
either  above  or  below  that  level  of  the  needle.  The  magnet 
was  retouched  and  placed  parallel  to  the  needle.  The  fol- 
lowing are  the  results. 

JS/tnth  Experiment.    (Fig.  3,) 

Magnet  retouched,  and  placed  6  inches  westward  from^  and 
parallel  to,  the  needle — Marked  pole  southward. 

Dtftoctioitt. 

Before  the  magnet  was  heated  .         0°      ^ Transient  }.« ,  .o 
Marked  pole  heated    .    .    ,    .    11.5  E  5 difference  J—"^ 

When  the  magnet  had  returned  j^^o  g  .  Permanent?  .^  . 
to  its  original  equable  temperature  5  J  difference  i^^*^ 

Original  deflection  •    •    •      0       )  3 

Tenth  Experiment.    (Fig.  4.) 
Magnet  not  molested  since  the  last  experiment. 

I>ef«otiont. 

Before  the  magnet  was  heated  .     6.5*^  E  ^Transient  l^tao 
Unmarked  pole  heated     .     .    .    5.5  W  Jdifference  3"" 

When  the  magnet  had  returned  tojtcocj^^  ^ 

its  original  equable  temperature  y    '         i  Permanent  f  _.^o 
Original  deflection.    .     .      (i.5  ES  ^^^^^^^^  S 

*  See  my  paper  on  the  Thermo-electricity  of  simple  bodies, 
Phil.  Mag.  and  Annals  of  Philosophy,  VoL  X.  p.  1. 

Vol.  I  v.— No.  30,  August,  1839.  M 
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Eleventh  Experiment.     (Fig.  I.) 

The  maraet  retouched,  and  placed  in  the  same  horizontal 

Slane  as  the  needle,  parallel  to  it  and  6  inches  eastward, 
farked  pole  southward.  ' 

Deflection!. 

Before  the  magnet  was  heated  .   0°  ^Transient  }_-o  ^f^^ 

Marked  pole  heated     ....    12.75  W  S  difference  J""^^^^ 

When  the  magnet  had  returned  toigRWio  i 

its  origfinal  equable  temperature  J  f  Permanent  /  _^ 

Original  deflection ...    0  S  difference  ^ 

Twelfth  Experiment.    (Fig.  2. J 
Magnet  not  molested  since  the  eleventh  experiment. 

Deflections. 

Before  the  magnet  was  heated  .    (J.5°W  ^Transient  j  _-^  c^ 
Unmarked  pole  heated    ...     6       E  5  difference  5 "" 

When  the  magnet  had  returned  *o  }    no      ^  ^  ^ 

its  original  equable  temperature  $  f  Permanent  /  _g  co 

Original  deflection.    .     .    6.5  W  ^  difference  5  —  -^ 

150.  The  results  of  the  four  preceding  experiments  so 
effectually  remove  all  suspicion  of  the  agency  of  electric  cur- 
rents being  concerned  in  the  production  of  the  phenomena 
that  it  would  be  totally  useless  to  pursue  that  part  of  the  en^ 
quiry  any  further.  The  whole  series  of  phenomena  obviously 
aepend  upon  some  direct  action  of  caloric  on  the  originfd 
magnetic  forces.  The  ratio  of  the  transient  to  the  permanent 
eflfects  so  beautiftilly  developed  in  the  preceding  experiments, 
is  not  so  precisely  observed  by  those  of  the  last  four ;  but  still 
the  anomalies  are  not  so  great  as  to  entirely  overrule  the  pro- 
bability of  the  general  correctness  of  the  law ;  indeed  the 
approximation  to  that  law  is  too  close  to  be  otherwise  con- 
sidered than  as  favourable  to  its  generality^  as  fieur  at  least  as 
the  magnet  employed  is  concerned ;  but  similar  experiments 
on  other  magnets  of  different  magnitudes  and  other  kinds  of 
steely  require  to  be  made  before  any  just  conclusions  can  be 
drawn  respecting  the  generality  of  this  or  any  other  law  con- 
nected with  this  branch  of  physics.  Such  a  series  of  experi- 
ments however  requires  more  time  than  I  can  afford  to  devote 
to  them  at  present,  though  I  cannot  willingly  permit  so  im- 
portant a  part  of  the  subject  to  pass  by  without  some  fiirther 
Knowledge  of  it,  with  a  view  to  which  I  have  made  a  few  other 
experiments,  whose  results  appear  very  satisfactory,  and  cor- 
roborative of  that  law  which  the  first  series  of  experiments 
developed.  The  bar  magnet  used  in  the  four  following  expe- 
riments is  of  cast  steel,  seventeen  inches  Icmg,  and  weighs  a 
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pouid  and  a  half  avoirdapoise ;  conseqaently  three  times  the 
magnitude  of  the  fonner  ( 1 39).  It  was  placed  first  westward 
and  then  eastward  of  the  needle,  six  inches  distant  on  each 
side,  and  in  the  same  hcnrizontal  plane,  having  its  marked  end 
soathward  in  both  stations,  and  two  experiments  made  in  each 
in  precisely  the  same  manner  as  the  four  preceding  onss. 
The  following  were  the  results. 

Thirteenth  Experiment.     (Fig.  3.J 

Magnet  17  inches  long,  wei^t  24  avoirdupoise  ounces, 
placed  parallel  to  the  nerale  in  the  same  horizontal  plane, 
having  its  centre  6  inches  westward  and  marked  pole  south- 
ward. 


Before  the  magnet  was  heated  .    0°  ) Transient  >.|^  ro 

Marked  pole  heated    ....     14.5  E  $  difference  J- ^^'^ 

When  the  magnet  had  returned  to  9 1..  ,.017  ^-^  ^ 

its  origin^  equable  temperature  l^'^^  ^  (  P?™^®°M  -6  7fi« 
Original deiection.    .    •      0.0      ^  difference  J-""*' 

Fourteenth  Experiment.    (Fig.  4^ J 
Magnet  not  molested  since  the  thirteenth  experiment 


nefleotfont. 

6.75^  E 
UmBarked  pole  heated    .    .    .  ll.a  W  Sdifference 


Before  the  magnet  was  heated.  0.75''  E  ^Transient  ?^,„  ,*fvo 
•    •  ^^"         •  ™  ^difference  i-^^'^ 


When  the  magnet  had  returned  to  -%     ^iovrr^  ^ 

^  itiwiginal  equable  temperature  5  S  ^^L"^^*^*  5 -0  75^ 

Original  deflection     .    .    6.75  E5  difference  5--  •  ** 

Fifteenth  Experiment.     (Fig.  I.) 

The  magnet  was  retoudied  and  placed  6  inches  eastward 
at  the  needle  and  in  the  same  horizontal  plane  as  in  the  two 
preceding  expmments. 


netactiou. 


Before  the  magnet  was  heated  .      0°      > Transient  j^igo 
Marked  pole  heated    ....     16  W  ^difference  5*^ 

When  the  magnet  had  returned  to  7  o  750  w  -j 

its  ordinal  equable  temperature  J  f  Permanent  ?  _ 

Original  deflection ...    0  >  <*'fiference  ^  ^  ^'  ^ 

Sixteenth  Experiment.    (Fig.  2. J 
Magnet  not  molested  since  the  fifteenth  experiment. 

Deflectiont. 

Before  the  magnet  was  heated  .    8.75®W  ^Transient  1 ,-  -  o 

Unmarked  pole  heated    ...    9.0     E  $  difference  i"~^^ 

When  the  magnet  had  returned  to  i  ^  -  -  ^  E 1 1* 

its  original  equable  temperature  \   '  f  Permanent  / © ' 

Original  deflection .    .    .    8.75  W  $  difference  ^  — ^'^ 

M2  • 
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151.  It  will  be  observed,  m  the  last  three  experiments^ 
that  the  resulting  permanent  deflection  is  something  more 
than  one  half  of  the  transient  deflection ;  but  that  in  the 
preceding  one  (13th.)  it  is  something  less  than  one  half:  but 
in  no  case  does  there  appear  an  aberration  of  more  than  three 
quarters  of  a  degree  ;  and  as  this  is  sometimes  on  one  side 
and  sometimes  on  the  other,  the  formula  F  =  2/*  appears  to 
be  the  nearest  approximation  to  the  true  law  that  mese  ex- 
periments are  susceptible  of  communicating.  If  indeed  we 
take  the  sines  of  the  angles  as  the  representatives  of  the  new 
deflecting  forces,  the  ratio  of  the  maximum  to  the  minimum 
would  be  somewhat  different.  By  taking  the  means  of  the 
sines  of  the  angles  of  deflection  due  to  the  new  condition  of 
force  with  the  large  magnet  the  formula  would  become 

F=2/+3^4 b; 

and  by  proceeding  in  a  similar  manner  with  the  means  of  the 
sines  of  the  angles  developed  by  9th,  10th,  1 1th,  and  r2th 
experiments,  with  the  smaller  magnet^  the  formula  becomes 

F=2/+2fe ^- 

152.  In  both  these  cases  the  resulting  perman^it  forces  are 
somewhat  greater  than  one  half  of  the  maximum  transient 
forces;  but  as  the  excess  above  one  half  is  so  very  trifling  a 
quantity,  especially  for  the  smaller  magnet,  which  amounta  to 
only  TTT  of  the  maximum  force,  it  may  fairly  and  conveniently 
be  neglected,  being  allowable  for  probable  errors  of  observa- 
tion; and  although  the  formula  6  exhibits  a  greater  aberration 
than  formula  c  from  our  first  formula  a,  the  latter  does  not 
appear  to  be  very  far  from  the  truth  when  errors  of  experiment 
are  allowed  for.  These  formulae,  however,  are  of  no  farther 
use  than  that  of  exhibiting  a  singular  coincidence  in  the 
various  experiments  of  the  new  conditions  of  the  deflecting 
magnetic  forces  ;  having  no  reference  whatever  to  the  cause 
of  them. 

153.  I  have  made  a  few  experiments  with  very  small  mag- 
nets whose  results  have  deviated  but  very  little  from  the  gene- 
ral law  already  pointed  out.  (147,  161.)  I  will  state  the  re- 
sults of  two  of  these  experiments  which  are  a  fedr  specimen 
of  all  the  rest.  The  magnet  was  of  cast  steel,  five  inches  long, 
and  weighed  about  one  ounce  and  a  quarter.  It  was  newly 
magnetized  and  placed  in  the  same  horizontal  plane  as  the 
needle,  and  parallel  to  it,  and  four  inches  westward^  with  its 
marked  pole  southward. 
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Seventeenth  Experiment.     (Fig.  3. J 

Deflations. 

Before  the  magnet  was  heated    .   0'       7  Transient  >  ^^.rx 
Marked  pole  heated       ....  3    E  J  difference  5^^^ 

When  the  magnet  had  returned  J|.op  ^ 
to  its orio^inal  equable  temperature  $  f  Permanent  f  _  | .5* 

Original  deflection     .    .        0     ^  difference  J  ~ 

Eighteenth  Experiment.     fFig,  4.J 
Magnet  not  molested  since  last  experiment. 

Deflations. 

^fore  the  magnet  was  heated    .   1.6^  £  }  Transient  )_^  .• 
Unmarked  pole  heated       .     .     .  2    W  Jdiflerence  S^^'^ 

When  the  magnet  had  returned  7^  050W  - 
to  its  original  equable  temperature  >  *  t  Permanent?  -.-  , 

Original  deflection       .     .     1.5  E  ^  difference  ^       ' 

154.  In  the  experiments  with  the  small  five-inch  magnet, 
the  maximum  deflection  was  usually  attained  in  three  or  four 
minutes,  the  needle  never  advancing  after  the  fourth  minute ; 
but  on  the  other  hand,  it  would  sometimes  return  half  a  degree 
or  more,  and  as  I  have  never  yet  seen  an  instance  of  the  de- 
flecti<Hi  increasing  after  such  retrograde  movement,  it  is  a  good 
indication  of  the  angle  having  attained  its  maximum,  llie 
maximum  deflection  with  the  large  eighteen-inch  magnet,  was 
attained,  usually,  in  twenty-five  minutes ;  forty  minutes*  dura- 
tion of  heat  never  increased  the  deflection  above  that  attained 
in  twenty-five,  nor  lessened  it  more  than  half  a  degree.  With 
the  small  five-inch  magnet,  ten  minutes'  continuation  of  the 
lamp  would  sometimes  reduce  the  maximum  angle  2°  or  more : 
but  in  no  instance  have  I  seen  the  needle  return  to  its  first 
position  during  the  application  of  heat ;  but  it  has  sometimes 
stood,  after  the  magnet  had  returned  to  its  original  equable 
temperature,  at  the  same  angle  as  the  lamp  left  it.  Hence, 
the  results  which  are  so  imiformly  exhibited  by  large  magnets, 
are  not  to  be  obtained  in  very  small  ones,  unless  the  lamp  be 
removed  at  the  precise  moment  of  maximum  deflection; 
under  which  circumstances,  the  phenomena  appear  to  be  re- 
gulated by  the  same  laws  in  all  those  hitherto  tried ;  and  pro- 
bably in  all  other  bar  magnets  of  the  usual  shape,  which 
weigh  more  than  two  ounces,  and  treated  in  the  manner  I 
have  described :  that  is,  by  placing  the  lamp  under  the  poles, 
and  allowing  the  flame  to  play  close  to  the  ends  of  the  bar 
during  the  whole  time  of  its  application. 
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155.  The  laws  which  I  derive  from  these  and  other  similar 
experiments,*  are  simply  as  follow. 

Mrst  Law.  The  pole  of  ea^h  magnet  which  receives 
caloric,  acquires  an  ascendency  of  defiecting  force  to  a  cer- 
tain amount,  over  the  other  pole;  which  ascendency  is  at  a 
maximum  during  the  supply  of  caloric. 

Second  Law.  When  the  supply  of  caloric  ceases,  the 
ascendency  of  force,  acquired  by  the  receiving  pole,  lessens; 
and  eventually  subsides  to  about  one  half  of  the  maximum 
ascendency,  and  retains  the  latter  ascenaency  until  some  exr 
trinsic  agent  again  disturbs  the  polar  forces  of  the  magnet. 

156.  There  seems  to  be  a  capriciousness  in  the  phenomena 
exhibited  by  a  thin  strip  of  steel,  such  as  a  lady's  busk,  not 
discoverable  in  thicker  {Heces.  The  busk  which  I  employed 
is  14  inches  long  and  1^  inch  broad.  When  placed  paxallel 
to  the  needle  at  the  distance  of  six  inches  either  eastward  or 
westward,  the  heated  pole  acquired  an  ascendency  of  deflect- 
ing force,  agreeable  to  the  first  law,  for  the  first  minute  or  a 
little  more :  but  by  continuing  the  heat^  for  a  minute  or  two 
more,  the  needle  would  sometimes  make  an  excursion  the 
other  way,  and  it  would  be  difficult  to  predict  at  what  an^le 
it  would  settle  when  the  busk  had  become  cooled  again* 
Frequent  heating  of  the  poles,  however,  without  retouching 
the  steel,  brought  the  phenomena  to  a  more  uniform  order.    ^ 

157.  I  have  already  stated  (143.)  that  there  appeared 
to  be  several  ways  of  explaining  the  phenomena  aceonung  to 
the  eflfects  which  heat  might  produce  in  the  magnet,  and 
having  now  determined  the  non-interference  of  electric  cur- 
rents, I  next  endeavoured  to  ascertain  in  what  manner  each 
individual  pole  of  the  magnet  affected  the  needle.  For.  this 
purpose  the  magnet  was  {^aced  at  right  angles  to  the  mag- 
netic meridian,  having  its  nearest  extremity  six  inches  west- 
ward from  the  pivot  of  the  needle,  and  sufficiently  southward 
or  northward  of  the  magnetic  equator  of  the  needle  to  hdd 
the  north,  or  south  end  of  the  latter  due  west.    Whoa  the 

*  It  would  be  useless  to  detail  the  whcJe  of  the  experiments 
which  I  have  made  with  a  view  to  test  the  accuracy  of  the 
law^  since  those  which  1  have  detailed  appear  sufficient  to  esta^ 
blian  it,  and  that  I  have  met  with  none  that  have  militated  against 
it.  I  may  just  mention  that  I  have  made  many  experiments  with 
the  same  magnets  with  their  poles  placed  in  the  reverse  order,  so 
that  the  marked  and  unmarkea  poles  of  the  magpiet,  were  respec- 
tively opposite  the  marked  and  unmarked  poles  of  the  needle;  in 
which  case  the  deflections  of  the  latter  were  the  effects  ofrmMon. 
The  ratio  of  maximum  and  minimum  deflection  was  about  toe  same 
as  that  developed  by  the  attractums  in  the  detailed  experiments. 
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unmarked  pole  of  the  magnet  was  nearest  the  needle,  the 
north  end  of  tiie  latter  was,  of  cour^ie,  brought  west,  and  when 
the  marked  pole  of  the  magnet  was  nearest,  the  south  end  of 
the  needle  was  brought  west.  The  following  tables  show  the 
results. 

JVineteenth  Experiment. 

Msgnet  retouched ;  in  the  same  horizontal  plane  as  the 
needle :  having  its  unmarked  pole  nearest  to,  and  six  inches 
westward  of,  the  needle.  Observe,  the  deflections  are  regis- 
tered for  the  north  end  of  the  needle.    (See  fig.  6.) 

Deflectiooi. 

Before  the  magnet  was  heated       90*  W  >  Transient  loss     Joi  • 
Unmariced  (nearest)  pole  heated  69  W  3  sustained  by  beat  > 

When  the  magnet  had  returned  Joiow-i  i 

taitsorigiiial  equable  temperature*^  ^f  Permanent  loss  f    ^ 
Original  deHection    .    .    90  W$«u8teinedbyheatV 

Twentieth  Experiment.    (Pig^  b.J 
Magnet  retouched  and  placed  as  in  the  19th  experiment. 

*  DeSecUoDs. 

BefiMre  the  magnet  was  heated      90^W  )  Transient  loss    \-^o  o 
Marked  (remote)  pole  heated      82  W  >8ustamedby  heat  > 

When  the  magnet  had  returned  to  }  q/»ow  -v 
its  original  equable  temperature  $»°  ^  ^  Permanent  loss  / 

Original  deflection    .    .    90  W  S  wwtained  by  heat  ^ -^ 

Ttcenty-first  Experiment.    (Fig.  6,) 

158.  The  magnet  was  retouched  and  placed  in  the  same 
position  as  in  the  two  preceding  experiments,  having  its  poles 
in  the  reverse  order,  viz.,  the  marked  pole  nearest  to  the 
needle,  and  five  inches  westward  of  its  pivot 

Deflectiona. 

Before  the  magnet  was  heated    90^E  J   Transient  loss   J— n-o 
Marked  (nearest)  pole  heated      63  E  ^sustained  by  heat  3  ~"'^* 

When  the  magnet  had  returned  to  7  qqor  -^  ^ 

its  original  equable  temperature  >  f  Permanent  loss  f  —  iq  o 

Original  deflection    .    .    90  E  $  iustauied  by  heat  S 

Twenty-eeeond  Experiment.    (Fig.  6.  J 

The  magnet  was  retouched  and  placed  as  in  the  21st  expe- 
riment. 

Deflectioni. 

Before  the  magnet  was  heated     90^E  )  Transient  loss    >_.q  ^ 
Unmarked  (remote)  pole  heated  81  £  >  sustained  by  heat  i 

When  the  mafirnet  had  returned  to  ^  o.ow  ^  ^ 

its  original  equable  temperature  J°^  ^  ^  Permanent  loss  f  «.^  ^ 
Original  deflection    .    .    90  E  S  «i»^"*^  by  J^eat  ^ 


Digiti 


zed  by  Google 


152      Mr.  Sturgeon's  Experimental  and  Theoretical 

159.  The  results  of  the  19th,  20th,  21st,  and  22d  experi- 
ments instead  of  being  explanatory  of  the  previously  developed 
phenomena,  have  some  tendency  to  involve  the  cause  of  them 
in  still  greater  obscurity  than  before ;  or,  at  any  rate,  they 
have  shown  that  the  cause  must  be  looked  for  in  some  oilier 
way.  By  these  experimepts  the  heated  pole  of  the  magnet 
invariably  lost  a  much  greater  quantity  of  deflecting  force 
than  was  lost  by  the  unheated  one  :  whereas,  by  all  those  ex- 
periments in  which  the  magnet  was  parallel  to  the  needle 
(155.)  the  heated  pole  as  invariably  gained  an  ascendency 
of  deflecting  power.  Now  the  latter  eflFect  could  not  happen 
by  the  heatea  pole  losing  more  power  than  the  c6ol  one ; 
unless  both  moved  from  the  point  of  heat:  therefore  the 
whole  mystery  seemed  to  be  involved  in  the  following  pro- 
blem. Does  the  loss  of  deflecting  power  as  shown  by 
experiments  19,  20,  21,  22,  depend  upon  an  absolute  loss  of 
power  in  the  poles  of  the  magnet,  or  merely  upon  a  change  of 
their  position  in  the  bar,  by  the  agency  of  caloric  ? 

160.  The  solution  of  this  problem  required  a  new  set  of 
experiments  and  a  magnetic  needle  of  more  delicacy  than  that 
hitherto  used.  For  this  purpose  I  formed  an  astatic  needle 
with  two  sewing  needles  placcKl  in  a  stem  of  dried  grass  as  in 
fig.  7.  The  needles  were  four  inches  apart  with  their  poles 
the  reverse  of  each  other,  and  the  whole  suspended  by  a  deli- 
cate fibre  of  unspun  silk,  in  the  interior  of  a  cylindrical  glass 
jar,  as  seen  in  the  figure.  The  system,  having  a  slight  directive 
tendency,  was  properly  adjusted  to  the  meridian  line  of  a  gra- 
duated card  which  was  secured  in  the  jar,  beneath  the  lower 
needle,  which,  being  the  more  powerful  of  the  two,  was  that 
which  gave  direction  to  the  system. 

161 .  The  8-inch  magnet  being  newly  touched  by  the  excit-. 
ing  horse-shoe,  was  placed  at  right  angles  to  the  meridian  line 
of  the  card,  and  in  the  same  horizontal  plane  as  the  lower 
needle,  with  its  marked  pole  to  the  south  side  of  the  glass 
containing  the  system ;  and  its  unmarked  pole  westward,  and 
so  adjusted  as  to  keep  the  lower  needle  in  the  meridian  line. 
In  this  position,  the  south  end  of  the  needle  necessarily  pointed 
to  the  centre  of  force,  or  to  the  true  pole,  of  the  marked  end 
of  the  magnet.  A  horizontal  plan  of  the  torrangement  of  the 
magnet  and  lower  needle  is  seen  in  fig.  8. 

Twenty-third,  Experiment. 

162.  The  lamp  was  placed  under  the  marked  (nearest) 
extremity  of  the  magnet,  and  in  three  minutes  the  south  end 
of  the  needle  deflected  5*  towards  the  centre  of  the  magnet, 
showing  that  the  centre  of  force  in  the  heated  extremity  had 
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moved  m  that  direction.  The  lamp  was  continued  for  a  few 
mOTe  mioates,  but  the  deflection  did  not  increase  accordingly. 
When  the  magnet  had  returned  to  its  original  equable  tempe- 
rature, the  angle  of  deflection  was  about  2°.  This  latter  inct 
showed  that  the  pole  moved  back  again  as  the  magnet  cooled; 
though  it  never  returned  to  its  original  position. 

Ttcenty-fourth  Experiment. 

163.  The  magnet  was  not  molested  since  the  last  experiment^ 
and  the  lamp  was  applied  to  the  remote  (unmarked)  pole.  In 
ten  minutes  the  south  end  of  the  needle  had  movea  over  2" 
towards  the  cold  extremity  of  the  magnet:  that  is,  it  returned 
to  the  meridian  line:  showing  that  the  unheated  pole,  as  de- 
cidedly as  the  heated  one,  moved  from  the  point  of  heat. 
When  the  magnet  had  returned  to  its  original  equable  tempera- 
ture, the  needle  still  remained  on  the  meridian  line;  or,  if  it 
moved  at  all,  the  arc  was  so  trifling  as  not  to  be  perceptible. 
This  singular  fact  induced  me  to  repeat  the  experiment  with 
the  magnet  retouched;  because  from  previous  experience  I  whs 
led  to  suroose  that  this  circumstance  would  be  the  means  of 
giving  different  results.  I  consequently  retouched  the  magnet 
and  placed  it,  as  before,  with  its  marked  pole  to  the  south  end 
of  the  needle,  as  in  fig.  9,  and  so  adjusted  it  that  the  needle 
rested  directly  over  the  meridian  line  of  the  card.  The  fol- 
lowing are  the  results. 

Twenty-fifth  Experiment.  (Fig.  9.) 

164.  The  lamp  was  placed  under  the  unmarked  (remote) 
extremity  of  the  magnet  In  three  minutes  the  south  end  of 
the  needle  deviated  towards  the  east,  or  towards  the  marked 
extremity  of  the  magnet :  and  in  ten  minutes  the  deflection 
amounted  to  about  S°  but  never  proceeded  farther,  althon^  the 
lamp  was  continued  under  the  unmarked  end  for  ten  minutes 
hmger ;  in  all  20  minutes.  When  the  magnet  had  cooled  to 
its  original  temperature  the  needle  stood  V  eastward,  having 
receded  2\ 

165.  The  first  result  of  this  experiment  is  precisely  the 
same  as  that  in  the  24th.  experiment,  which  showed  that  the 
centre  of  force  in  the  cooler  end  of  the  magnet  moved yrotTi 
the  point  of  heat.  And  the  recession  of  the  needle  when  the 
magnet  cooled  was  what  was  expected  from  the  magnet  being 
retouched  previously  to  the  application  of  the  lamp. 

166.  Having  now  discovered  that  the  magnetic  poles  aie 
susceptible  of  transition  from  one  place  to  another  in  the 
metal  by  the.  agency  of  caloric;  and  also  the  direction  in 
which  the  poles  move  with  respect  to  the  calorific  point,  it 
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appeared  possible  that  these  mutations  in  the  positions  of  the- 
poles  might  accoant  for  the  whole  of  the  other  phenomena ; 
although,  at  first  sight,  the  relaxation  of  power  in  experi- 
ments 20  and  22  did  not  seem  likely  to  arise  from  the  pole 
advanciog  towards  the  needle,  as  must  necessarily  have  been 
the  case  according  to  the  results  of  expariments  24  and  25:. 
unless,  indeed,  the  deflecting  power  of  that  pole  had  abso- 
lutely diminished  at  the  same  titne.  But  if  we  take  into  con- 
sideration that  the  needle  was  under  the  influence  of  bcfth 
poles  of  the  magnet,  instead  of  assuming  the  deflection  to 
depend  on  the  vicinal  pole  only,  we  are  still  furnished  with 
sufficient  data  to  account  for  the  diminution  of  deflection  even 
in  experiments  20  and  22. 

.  167.  Explanation  of  the  preceding  phenomena  upon  the 
supposition  of  a  motion  of  the  poles  of  the  magnet,  by  the 
agency  of  calorific  matter,  as  demonstrated  by  experiments 
23,  24,  and  25. 

It  has  been  shown  by  experiments  23,  24,  and  25,  that 
the  poles  of  the  miignet  move  from  the  point  of  heat ;  and 
by  applying  these  polar  motions  to  all  the  experiments  r^re- 
sentea  by  figures  1,  2,  3,  and  4,  we  shall  find  that  the  de- 
flections of  the  needle  would  be  such  as  are  there  represented. 
If,  tor  instance,  the  magnet  be  so  adjusted,  in  any  of  those 
figures,  as  to  permit  the  needle  to  rest  in  the  meridian  prior 
to  the  application  of  heat ;  then  a  slight  motion  of  the  mag- 
net northward  in  figures  1  and  3  ;  or  southward  in  figures  2 
and  4,  will  cause  deflections  such  as  are  represented  by  the 
dotted  needles,  in  these  figures  respectively.  Now,  instead 
of  moving  the  magnets  to  produce  the  deflections^  let  the 
lamp  be  applied  as  shown  in  the  figures ;  and  the  motions  of 
the  poles  by  the  agency  of  heat,  correspond  in  direction  with 
the  motions  of  the  magnet :  and  the  deflections  by  one  of 
these  means  correspond  with  those  accomj^shed  by  the  other. 

168.  With  respect  to  the  phenomenon  exhibited  by  expe- 
riment 23,  fig.  5,  when  the  lamp  is  applied  to  the  unmarked 
pole  of  the  magnet,  as  both  poles  recede  from  the  compass 
needle  their  power  on  it  necessarily  abates ;  and  the  earth's 
magnetism  pulls  the  needle  from  its  east  and  west  position. 
But  when  the  lamp  is  applied  to  the  marked,  or  remote  pole 
of  the  magnet  (experiment  24);  both  poles  would*  advance 
towards  the  needle.  Still,  however,  the  expmment  shows  that 
the  power  of  the  magnet  on  the  needle  has  abated,  which 
seems  contrary  to  what  one  would  have  expected.  The  phe- 
nomenon might  be  explained,  however,  by  supposing  that  the 
heated  pole  advanced  towards  tiie  needle  in  a  greater  ratio 
than  the  cool  pole,  by  which  means  it  would  partly  neutralise 
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die  effect  of  the  latter  on  the  needle :  or  by  supposing)  that 
the  total  power  of  the  magnet  was  abated  by  the  heating  pro- 
cess :  INT,  which  is  the  roost  probable  of  all,  by  both  these 
changes  tckking  {dace  in  the  magnet  by  the  agency  of  caloric. 
liS.  It  appears  upon  the  whole,  that  the  p<^  motions  in 
the  magnet  are  the  first  grand  pnxluctions  by  the  agency  of 
caloric ;  and  that,  independenUy  of  any  absolute  change  in 
the  intensity,  the  whole  of  the  plienomenft  which  I  have  de* 
scribed  may  be  traceable  to  these  polar  motions :  Mid,  per- 
haps, there  may  be  many  other  magnetic  phenomena,  both 
natural  and  artificial,*  which  are  attributable  to  the  same 
secondary  cause,  which  is  itself  an  effect  of  the  primitive 
action  of  cal<mc.  But  as  the  sun's  heat  is  constantly  exerted 
between  the  magnetic  poles  of  the  earth,  and  not  exterior  to 
them,  it  will  be  necessary  to  ascertain  in  what  manner 
the  magnetic  poles  are  affected  by  placing  the  point  of  heat 
between  them,  before  the  phenomena  can  be  applied  to  the 
explication  of  terrestrial  magnetic  mutations.  1  he  following 
experiments  were  made  for  this  purpose. 

Tfcenty-tixth  Experiment. 

170.  The  8-inch  magnet  (193)  was  retouched  and  placed  hori- 
zontally at  right  angles  to  the  magnetic  meridian ;  having  a 
needle  arranged  at  each  pole  as  in  fig.  10,  directly  onposite.to 
the  centres  of  magnetic  force.  The  lamp  was  placed  directly 
under  the  centre  of  the  magnet.  In  one  minute  both  needles 
began  to  move ;  and  in  five  minutes  each  needle  had  attained 
a  deflection  of  5°,  or  thereabouts.  The  deflections  were  in 
the  directions  represented  by  the  dotted  needles,  showing 
that  both  poles  of  the  magnet  had  moved  outwards,  or,  as  in 
the  previous  experiments,/rom  the  point  of  heat.f 

*  Mr.  Bariow^s  tnteresting  experiments  on  llie  magnetic  action 
of  heated  iron,  oecaaionally  gave  very  extraordinary  results  which 
ibat  gentleman  could  not  easily  account  for.  .Barhw*s  Magnetic 
Attractions^  second  edition,  paffe  142  to  149. 

Mr.  Christie  also,  met  with  some  curious  anomalies  in  his  valu- 
able experiments  on  this  subject  PhiL  Trans*  for  18^^  1025, 
.1S26.  But  whether  the  facts  which  I  have  discovered  are  calcu- 
lated to  throw  any  new  light  on  the  anomalies  which  attended  these 
gentlemen's  experimentB,  I  am  not  prepared  to  say. 

+  These  results,  which  are  so  very  diflerent  to  any  hitherto  made 
known,  cannot  be  accounted  for  upon  any  supposed  motions  of  the 
nentral  plane  of  the  magnet,  in  the  manner  whicn  has  been  attempted 
to  explain  some  of  the  iateresting  phenomena  discovered  by  M.M, 
Coulomb  and  Kupfier. 
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171.  This  important  result  in  connexion  with  those  results 
obtained  by  experiments  23,  24,  and  25,  appear  to  develop  a 
certain  determinate  action  which  caloric  exercises  on  the  poles 
of  a  magnet,  viz :  That  the  magnetic  poles  move  from  the 
point  of  heat,  or  in  general,  that,  the  magnetic  poles  move  in 
the  direction  of  the  calorific  current.  Should  this  law  be- 
come established  by  future  experiments,  and  that  it  can  be 
proved  experimentally  that  a  current  of  caloric  will  move  the 
magnetic  poles  laterally  as  well  as  in  the  direction  of  their 
axes,  there  would  be  little  difficulty  in  accounting  for  the  re- 
volutions of  the  terrestrial  magnetic  poles  in  their  respective 
latitudes  :  and  I  have  no  doubt,  from  the  results  of  some  ex- 
periments that  I  have  made  with  flat  pieces  of  steel,  that  the 
magnetic  poles  of  the  earth  are  susceptible  of  a  lateral  trans^ 
lation  by  the  direct  action  of  solar  heat  alone :  and  that  by 
means  of  a  magnetized  steel  globe  and  a  spirit  lamp  I  can 
readily  suppose  that  the  revolutions  of  the  terrestricd  mag- 
netic poles  might  be  very  beautifully  imitated.  But  I  have  not, 
at  present,  any  more  spare  time  to  devote  to  this  interesting 
subject  I  must,  therefore,  content  myself,  till  some  more 
favourable  opportunity  presents  itself,  with  having  called 
the  attention  of  philosophers  to  this  novel  mode  of  investiga- 
tion, being  perfectly  aware  that  there  yet  remains  a  rich  har- 
vest for  those  who  may  venture  on  the  pursuit.  In  conclusion, 
I  would  beg  permission  to  state,  that  the  expansions  and  con- 
tractions of  the  magnetic  axis  as  shown  by  experiments  23, 
24, 25,  and  26,  appear  to  me  to  afford  sufficient  data  for  sup- 
posing that  the  terrestrial  magnetic  axis  suffers  similar  muta- 
tions by  the  direct  action  of  the  sun,  and  that  the  phenomena 
of  diurnal  variation,  and  change  of  intensity  on  the  needle  are 
probably  traceable  to  these  secondary  causes. 

Should  I  be  correct  in  my  conjectures,  there  is  not  only  a 
cause  of  translation  of  the  terrestrial  magnetic  poles ;  but  also 
a  cause  of  su^tentation.  The  sun's  heat  may,  possibly,  be  the 
primitive  cause  of  both :  directly  the  cause  of  translation  ; 
and,  through  the  intermediate  agency  of  electricity,  indirectly 
the  cause  of  sustentation. 

P.  S.  This  third  memoir  was  read  before  the  London 
Electrical  Society  on  the  evening  of  December  4  th,  1838; 
but  having  withdrawn  my  name  from  the  list  of  members  of 
that  Society  shortly  afterwards,  I  am  not  aware  that  it  will 
be  printed  in  its  Transactions. 

My  ft^irth  memoir,  which  will  appear  in  the  October  num- 
ber (No.  21)  of  these  *'  Annals,"  was  read  before  the  London 
Electrical  Society  on  the  7th  March  1838;  therefDTe  these 
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memoirs  are  not  numbered  in  the  chronological  order  in 
which  they  orginally  appeared  before  that  Society.  The 
reason  of  the  present  arrangement  is  simply  to  connect  the 
second  with  the  third,  they  being  portions  of  the  same 
investigation. 

I  hope  also  to  have  the  results  of  my  investigations  on  the 
application  of  electricity  to  the  springing  of  mines,  ready  for 
the  next  number  of  the  Annals. 

W.  S 


XV.  Note  on  several  new  reactions  determined  by 
spongy  platina,  and  considerations  on  the  services  this 
Substance  is  required  to  render  science.    By  M.  Fred. 

KUHLMANN.* 

I  have  made  some  researches  on  the  phenomena  of  nitrifi- 
cation; these  have  led  me  to  present  the  theory  of  these 
phenomena  in  a  new  light.  Mv  memoir  being  too  long  to 
read,  I  shall  content  myself  with  leaving  it  so  as  not  to  abuse 
the  time  the  Academy  has  wished  to  grant  me.  I  shall  not 
here  enter  into  any  analytical  detail  of  the  motives  which  ap- 
pear to  me  likely  to  modiiy  the  actual  theories,  but  I  cannot 
resist  the  desire  of  informing  the  Academy,  viv&  voce,  of  some 
results  to  which  my  experiments  on  this  important  question 
have  conducted  me ;  and  which,  generalized  as  they  deserve 
to  be,  will  acquire  great  consequence  in  the  eyes  of  chemists. 

Dcebereiner's  beautiful  discovery  of  the  property  which 
spongy  platina  possesses  of  determining  the  combination  of  a 
mixture  of  hydrogen  and  oxygen,  has  been  justly  regarded  as 
one  of  the  most  precious  fects  acauired  by  science  for  a  long 
time.  Every  one  might  foresee  tne  extension  that  so  extra- 
ordinary a  kind  of  action  would  one  day  take,  yet  we  are 
astonished  at  the  few  facts  which  have  been  observed  since 
the  date  of  Dcebereiner's  labours,  twenty  years  ago. 

The  numerous  experiments  of  which  I  am  about  to  speak, 
appear  to  me  likely  to  lead  the  attention  of  chemists  to  a  too 
XQUch  neglected  question,  and  which  I  look  upon  as  the  most 
fruitful  in  fine  results. 

1.  Ammonia  mixed  with  air,  in  passing  to  a  temperature 
of  300°  surrounding  spongy  platina,  is  decomposed,  and  the 
azote  which  it  contains  is  completely  transformed  into  nitric 
acid  at  the  expense  of  the  oxygen  of  the  air. 

*  From  the  Comptes  Rendus,^4th  December,  1838.  Translated 
by^Mr.  J.  H.  Lang. 
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-  2.  Cyanogene  and  air  under  similar  circamitances  giye 
rise  to  the  same  acid  and  carbonic  acid. 

3.  Ammonia  engaged  in  any  saline  combination  acts  as  if 
it  were  free.. 

4.  In  no  case  has  pure  azote  been  able  to  be  combined  with 
free  oxygen,  but  every  compound  of  azote  under  the  infiuence 
of  the  spongy  platina  passes  to  the  state  of  nitric  acid. 

5.  Protoxide  and  deutoxide  of  azote,  hypo-nitric  and  nitric 
acid,  mixed  with  a  sufficient  quantity  of  hydrogen,  are  trans- 
formed to  ammonia  by  their  contact  with  the  platina  sponge, 
and  very  often  without  the  assistance  of  heat.  The  action 
becomes  so  energetic  that  it  frequently  causes  a  violent  ex- 
plosion. 

All  the  azote  of  these  oxides  or  acids  passes  to  the  state  of 
ammonia  by  uniting  with  hydrogen. 

An  excess  of  nitric  acid  gives  a  nitrate  of  ammonia. 

6.  Cyanogen  and  hydrogen  give  ammonia  in  a  hydro- 
cyanate  state. 

'  7.  Deutoxide  of  azote  in  excess  and  olefiant  gas  in  becoming 
hot  on  the  platina  sponge,  produce,  besides  water  and  azote, 
ammonia  united  to  the  hydro-cyanic  and  carbonic  acids. 

8.  With  deutoxide  of  azote  and  an  excess  of  alcoholic 
vajpour  we  bbtain  under  the  same  circumstances  ammonia 
united  with  hydro-cyanic  and  carbonic  acids,  and  accompanied 
with  water,  olefiant  gas,  and  a  deposit  of  coal. 

9.  We  have  not  been  able  to  combine  free  azote  with  free* 
hydrogen,  but  all  the  compounds  of  azote  have  been  trans^ 
formed  into  ammonia  by  free  or  carbureted  hydrogen, 

10.  In  these  letter  reactions  the  presence  of  carbon  in  com- 
bination with  azote  or  hydrogen,  produces  hydro-cyanic  acid. 

11.  All  the  gaseous  or  vaporizable  metalloides  unite  with- 
out exception  with  hydrogen  under  the  influence  of  the* 
spongyplatina. 

12.  The  vapours  of  acetic  acid  mixed  with  hydrogen  are 
totally  transformed  into  acetic  ether  (acetate  of  ether)  and' 
water  hy  the  action  of  the  platina  sponge  at  a  slightly  elevated 
temperature. 

It  is  a  very  remarkable  fact  that  by  substituting  the  pla- 
tinum black  for  the  platina  sponge,  the  energy  of  action  is 
infinitely  less  in  most  cases,  contrary  to  what  we  might  expect. 
This  action  is  even  nullified  for  producing  nitric  acid ;  for 
producing  ammonia  it  is  very  feeble  and  the  platina  black 
never  enters  into  incandecence  as  is  the  case  witn  the  sponge. 
For  the  transformation  of  acetic  acid  into  ether,  the  action  of 
tb^  ^atiaa.  black  is,  on  the  contrary,  more  lively,  and  pro- 
duces it  at  the  ordinary  temperature. 
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It  is  not  to  be  wondered  at  that  in  rendering  useful  a  force 
which  we  are  not  yet  well  acquainted  with,  and  which  a 
celebrated  chemist  has  designated  under  the  name  of  catalytic 
force,  we  should  not  be  easUy  able  to  foresee  the  result  of  our 
attempts. 

From  the  facts  stated  in  this  note,  and  more  fully  developed 
in  my  memoir,  1  have  shown  the  possibility  of  obtaining 
artificially,  and  at  pleasure,  nitric  acid  and,  consequently, 
nitrates,  without  having  recourse  to  the  slow  process  of  nitri-» 
fication.  If  under  these  circumstances  the  transformation  of 
ammonia  into  nitric  acid,  by  means  of  the  platina  sponge  and 
air,  is  more  economical  than  our  actual  process,  the  time  may 
come  when  this  transformation  will  form  a  profitable  industry. 

We  Qiay  say  with  certainty  that  the  knowledge  of  tl^&cts 
I  have  stated  may  completely  set  the  country  at  rest  on  the 
difficulties  or  even  impossibility  of  procuring  a  sufficient 
quantity  of  saltpetre  in  case  of  a  maritime  war,  and  cause  the 
ancient  method  of  providing  saltpetre  for  the  necessaries  of 
the  state  to  be  totally  abandoned. 

The  formation  of  ammonia  with  some  one  of  the  compounds 
of  azote  and  oxygen,  ai^>ear8  to  me  likely  to  engage  the 
attention  of  philosophers  and  manufiusturers. 

It  is  an  important  fact  obtained  by  science,  that  every  time 
axote  is  found  engaged  in  any  combination  in  contact  under 
the  influence  of  the  platina  sponge,  with  an  excess  of  hydrogen 
or  oxygen,  it  passes  to  ammonia  or  nitric ;  so  that  in  case  of 
fiulure  in  producing  ammonia  we  have  nitric  acid,  and  vice 
versA. 

Fabrieation  of  nitric  acid.  The  abundant  formation  of 
hydro-cyanic  acid  by  the  oxides  or  acids  of  azote  and  the  car- 
burets^  of  hydrogen,  is  a  fiict  not  to  be  neglected  in  so  scientific 
a  question  as  the  production  of  cyanurets,  and  particularly 
Prussian  blue. 

The  transformation  of  vinegar  into  acetic  ether,  assures  us 
that  divided  platina  promises  also,  in  perhaps  a  little  longer 
time^  applications  equally  important  in  the  arts  conGeming 
ornmc  matter. 

It  is  well  known  that  acetic  ether  is  easily  transformed  into 
alcohol  by  the  action  of  the  alkalies  and  water;  but  alcohol 
1ms  hitherto  only  been  obtained  by  the  fermentation  of  sugar  i 
its  preparation  from  vinegar,  for  which  the  sources  of  produc- 
tion  are  6o  numerous,  shows  the  possibility  of  one  day  making 
alcohol  by  much  less  expensive  means,  and  doubtless  alcohol 
will  make  no  exception. 

Whatever  it  may  be,  the  facts  cited,  the  only  ones  which  I 
have  been  able  to  mention  in  my  memoir,  without  wandering 
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too  far  from  my  subject,  are  sufficient  to  show,  even  with 
evidence,  the  important  field  reserved  for  divided  platina. 

The  mean  of  action  which  produces  such  numerous  com- 
binations, such  various  transformations,  will  give  rise  to  new 
products ;  it  will  become  to  the  chemist  as  useful,  and  have 
an  application  almost  as  general,  as  heat  and  electricity.*  We 
shall  very  often  be  able  to  find  in  the  sponge  or  black  of  pla- 
tina a  source  of  action  which  no  other  known  agent  will  be 
able  to  supply :  it  is  particularly  when  it  operates  on  change- 
able bodies,  at  an  elevated  temperature,  that  divided  platina 
will  be  of  the  greatest  service. 

In  another  work,  which  I  shall  have  the  honour  to  submit 
to  the  Academy,  I  shall  complete  the  account  of  all  the  results 
I  have  obtained  by  means  of  the  platina  sponge ;  mentioning 
the  new  hcia  I  may  be  able  to  observe. 


Note  on  Lightning  Conductors. 

The  important  epoch  which  has  now  arrived  in  practical 
Electricity,  by  our  Government  appointing  a  committee  of 
naval  officers  to  enquire  into  the  most  e&ctual  mode  a£  parry- 
ing oS  the  effiscts  of  lightning  in  her  Majesty's  fleet,  demands 
the  most  assiduous  attention  to  the  subject,  and  the  uncom- 
promising opinion  of  every  electrician  in  these  realms,  respect- 
ing the  best  mode  of  protecting  vessels  from  this  terrible  ele- 
ment. We  have  heard  that  the  plan  proposed  by  Mr.  Snow 
Harris  has  been  approved  of  by  the  committee.  This  plan 
consists  of  a  strip  of  copper  let  into  the  whole  length  of  each 
mast:  those  of  the  lower  masts  passing  through  the  keel  of 
the  vessel ;  and  that  of  the  mizen  mast  passing  through  the  after 
powder  magazine.  We  shall  be  very  happy  to  give  the  views 
of  any  electrician  on  this  most  momentous  topic ;  which,  if 
not  directed  by  the  ablest  electrical  skill,  will  not  only  in- 
volve the  science  of  this  country  in  the  most  degrading  posi- 
tion, but  will  put  in  unnecessary,  nay,  wanton,  jeopardy, 
our  brave  naval  officers  and  men,  who  have  so  long  been  the 
bulwark  and  glory  of  our  country.  Edit. 

*  We  are  of  opinion  that  the  spongy  platina  operates  in  the 
capacity  of  a  voltaic  battery,  having  a  tnoltitude  or  polar  pmots : 
and  that  electricity  is  the  real  operating  force  in  all  tnese  experi- 
ments, which  is  perfectly  agreeable  with  our  views  respecting  the 
chemical  action  of  simple  metals  with  fluid  menstrua. 

The  original  experiments  of  Doebereiner  with  sponffy  platina  on 
the  gases,  we  have  aiwavs  looked  upon  as  of  a  similar  character, 
and  their  results  produced  by  electric  currents.  See  VoL  I,  p.  11^ 
2S,  of  these  Annals.    Enrr. 


Digitized  by  VjOOQ IC 


THE    ANNALS 

OF 

ELECTRICITY,    MAGNETISM. 
AND    CHEMISTRY ; 

AND 

iSruarttian  af  iExperimental  Jtcience. 


OCTOBER^  1839. 


XVI.  Experimented  and  Theoretical  Researches  in  Elec- 
tricity, Magnetism,  8fc,  Fourth  Memoir.  By  William 
Sturgeon,  Lecturer  on  Experimental  Philosophy  at  the 
Honourable  E^t  India  Company's  Military  Seminary^ 
Addisoombe^  &c. 

AAlreaied  to  the  Brituh  AMoci«tion  for  the  Promotion  of  Science. 
Binnii^m  Meetin|^  Stpt  8th,  1839. 

On  Marine  Lightning  Condtictors. 

Tile  proper  ndnptation  of  lightning  condnctort  to  ihipping  being  •  tobject  of  rital 
unpottaace  to  ererj  mnritime  commonity,  both  BritiM  and  Foreisn,  the  anthor 
Imw  been  indoced,  reepeotfidly,  to  rabmit  this  memoir  to  the  coasicfonition  of  the 
fiallowing  ecientific  bodies. 

Britith  DominUms,  Th^  "RoytA  Societies  of  London  nnd  Edinbargh.— -The 
Bml  Irish  Academy.— The  Cambridge  Unirersity  Philosophical  Society.— The 
Philosophical  Societies  of  Newcastto-apon-Tyne,  Bristol,  Manchester,  Hull, 
LiTerpuoly  and  Yorkshire. 

Foreign,  The  Royal  Society  of  Sciences  at  Copenhagen.— The  Royal  Academy 
of  Sciences  at  Paris.— The  Royal  Academy  of  Sciences  at  Thooloose.— The 
Royal  Academy  of  Sciences  at  Berlin.— TIm  Italian  Society  of  Sciences  lit 
Modena. — ^The  Royal  Academy  of  Sciences  at  Tnrinw^The  Royal  Academy  of 
Sciences  at  Brosseb.— The  Royal  fnstitote  of  Amsterdam.— The  Royal  Academy 
of  Sciences  at  Lisbon. — ^Tbe  Imperial  Academy  of  Sciences  at  St,  Petersbui^h. 
—The  Royal  Academy  of  Sciences  at  Stockholm.— The  Royal  Society  of 
Sciences  at  Dronthem  —The  American  Philosophical  Society  at  PhOadelpbia. — 
The  New  York  Philosophical  Society. — ^Tbe  American  Academy  of  Sciences  at 
Boston. 

172.  In  addressing  this  memoir  to  the  British  Association 
for  the  Promotion  of  Science,  lam  far  from  supposing  that  there 
can  exist  a  necessity  for  entering  into  a  routine  of  detailfi^in 
order  that  the  subject  may  appear  sufficiently  important  for 
its  consideration.  It  is  one  well  known  to  be,  at  all  times, 
interesting  to  the  philosopher,  and,  at  the  present  moment. 
Vol.  IV.— No.  21,  October,  1839.  N 
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when  the  British  fleets  are  about  to  be  fximished  with  light- 
ning conductors,  it  has  become  a  subject  of  high  national 
importance^  and  demands  the  most  proround  consideration  of 
every  experienced  electrician  in  the  land,  in  order  that  the 
most  efficient  and  economical  plan  may  be  adc^ted  and 
carried  into  effect. 

1 73.  Without  any  pretensions  to  a  knowledge  of  the  motives 
for  not  making  so  momentous  and  unsettled  a  topic  open  to  fair 
scientific  discussion^  there  can  be  no  doubt  of  the  scantiness 
of  publicity  being  the  sole  cause  of  so  few  plans*  being 
brought  before  the  notice  of  the  Committee  appointed  to 
enquire  into  the  best  means  of  protecting  shipping  from  the 
effects  of  lightning.  I  am  not  aware  of  the  objections  of  the 
Committee  to  the  plan  proposed  by  Mr.  Martyn  Roberts,  nor 
of  the  reasons  for  giving  a  preference  to  that  so  long  proposed 
bjr  Mr.  W.  9.  Harris :  but  as  the  Hous^  of  Commons  has 
beeA  officially  informed  that  the  Committee  have  determined 
ik  favour  of  the  conductors  of  the  latter  gentleman^  the  sub- 
ject is  now  open  to  impartial  discussion  :  and  as  it  is  possible 
that,  unless  some  timely  council  interpose,  the  recommenda- 
tions of  the  Committee  may  induce  the  Admiralty  to  adopt 
Mr.  Harris's  conductors,  and,  without  further  enquiry  respect- 
ing the  efficiency,  or  inefficiency,  in  parrying  the  effects  of 
lightning,  give  immediate  orders  for  their  application  to  Her 
Majesty's  fleets,  no  time  ought  to  be  lost  in  placing  Mr. 
Harris's  system  of  conductors  in  a  proper  light  before  the 
Government  and  maritime  community  of  these  realms. 

174.  There  certainly  cannot  be  a  finer  opportunity  offered 
to  the  British  Association  for  exercising  Its  almost  boundless 
influence  in  eliciting  important  philosophical  truths,  and  ex* 
tending  the  benefits  of  experimental  and  practical  science, 
than  that  now  presented  by  this  momentous  topic ;  nor  can 
electricians  of  every  country  have  a  more  favoumble  opportu** 
liitv  of  becoming  benefectors  to  mankind,  than  by  giving  this 
universally  important  subject  their  profoundest  contemplation; 
and,  as  soon  as  possible,  making  known  the  results  of  their 

*  Only  two  plans  were  brought  beftjre  the  Committee,  the  one 
bV  Mr.  Martyn  Roberts,  ^d  the  other  by  Mr.  W.  S.  Harris.  1  he 
plan  of  the  former  gentleman  consists  or  a  rope  of  metallic  wire 
one  end  of  which  is  hoisted  io  the  mast  head,  and  the  other  thrown 
over  the  side  of  the  vessel.  See  Annals  of  Electricity,  &c,y  Vol.  T. 
p.  468,  Vol.  11.  p.  ^41. 

The  plan  of  the  latter  gentleman  consists  of  strips  of  sheet  copper, 
one  to  each  mast,  let  into  a  groove  the  whole  lengtn  of  the  afler-side, 
and  passing  through  the  keel  of  the  vessel,  and  that  belonging  Id 
the  misen  mast  passes  either  through  w  dote  to  the  after  ponder 
magasine. 
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^aqpamnental  investigaticHiB  in  this  brandi  of  electricity,  and 
their  uncompromising  opinions  on  Mr.  Harris's  system  of 
•oonductors,  on  which  so  much  deep  interest  is  now  invcdved : 
or  by  prc^posing  any  better  plan  of  protection  to  the  thousands 
of  lives  and  millions  of  property  continually  exposed  to  the 
most  formidable  and  destructive  of  nature's  elements. 

1 75.  Thepresent  memoir  contains: — First,  an  examination 
of  diose  experiments  which  Mr.  Harris  has  exhibited  on 
various  occasions,  and  at  various  fdaces^  in  illustration  of  the 
supposed  superiority  of  his  system  of  conductors.  Second,  an 
examination  of  the  observed  e&cts  produced  on  shipping  by 
Isgbitning.  Third,  a  statement  of  electrical  phenomena  simi« 
iar  to  those  effects,  and  probablj  productive  of  others  no  less 
clesiructive.  Fourth,  a  comparison  of  the  observed  effects  of 
li^tningand  the  prcimble  effects  which  lightning  would  pro- 
duce by  the  adoption  of  Mr.  Harris's  system  of  conductors. 
Fifthf  a  description  of  a  new  system  dP  conductors  for  the 
fiotectioQ  of  shipping  from  lightning. 


Examination  of  Mr.  fV.  Snow  Harrises  experiments, 
176w  Experiment  1.  Lety,  fig.  1,  Plate  IV.,  represent  the 
^ectrical  jar  on  board  the  Cal^onia ;  c  the  Louisa  cutter^ 
with  a  strip  of  sheet  copper  let  into  the  after  side  c^  her  mast 
from  top  to  bottom,  and  continued,  through  her  keelson,  to 
the  sea,  as  represented  by  the  strong  black  line.  By  means 
of  achain  ooo,  the  lower  extremity  of  this  oonductOT  is  brought 
into  metallic  connexion  with  a  loaded  brass  howitzer  in  the 
boat  B,  moored  at.  some  distance  from  the  cutter.  A  wire 
MPWto,  proceeds  from  the  outside  of  the  jar  to  the  boat,  and 
terpiinates  above  the  vent  of  the  howitzer,  leaving  a  small 
interruptiiHi  for  the  introduction  of  a  priming  of  detonatinff 
powder.  By  means  of  another  wire  to'  to',  one  end  of  which 
IS  futened  to  the  conductor  at  the  mast  head  of  the  cutter, 
the  jar  is  discharged  in  the  direction  indicated  by  the  arrows ; 
and  the  qiark  which  passes  between  the  howita^r  and  the  end 
of  the  wire  towtc,  ignites  the  deton^ing^wdev,  and  the  piece 
thus  becomes  discharged:  whilst  a  portion  of  common  gun-^ 
powder,  placed  in  contact  with  the  uninterrupted  conductor 
«t  p  in  the  cutter,  is  not  exploded. 

Experimmt  2.  The  only  difference  m  the  arrangement 
fr^m  that  in  the  last  experiment,  is  simply  that  of  interrupting 
the  metallic  connexion  betweep  the  lower  extremity  of  the 
entter's  cc^dact<nr,  and  the  howitzfir  in  the  boat  B,  and  per* 
mitting  U10  sea  to  form  p^^t  of  thf  circuit  The  elFects  w^re 
tlie  «ame  at  in  the  fiif  t  experiment. 

N2 
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Experiment  3.  The  arrangement  of  apparatus  the  same 
as  before^  with  the  exception  of  an  interruption  in  the  cutter's 
conductor  at  p  by  passing  a  saw  through  it.  No  gunpowder 
nor  detonating  powder  at  p.  The  howitzer  was  disdiarged 
as  in  the  preceding  experiments. 

177.  These  three  experiments  were  made  in  Plymouth  har- 
bour, in  September,  1822,  **in  presence  of  the  Navy  Board,  Sir 
Alexander  Cochrane,  Commissioner  Schield,  several  Captains 
of  the  Navy,  and  the  principal  Officers  of  the  Dockyard," 
with  the  intention  of  convincing  them  of  the  efficacy  and 
superiority  of  Mr.  Harris's  conductors :  although  it  must  be 
obvious  to  every  electrician  that  these  experiments  had  no 
peculiar  bearing  on  any  peculiar  plan  of  conductors  whatever: 
for  they  are  just  as  applicable  to  the  illustration  of  the  efficacy 
of  the  present  chain  conductors  or  to  the  metallic  rope  pro- 
posed by  Mr.  Roberts,  as  to  those  proposed  by  Mr.  Harris. 

1 78.  The  first  experiment  showed  that  copper  is  a  conductor 
of  electricity  :  that  detonating  powder  can  be  ignited  by  an 
electric  spark :  and  that  common  gunpowder  wHl  not  ignite 
by  the  application  of  cold  copper,  though  a  feeble  momentary 
electric  current  traverses  the  metal  at  the  same  time.  The 
second  experiment,  in  addition  to  the  facts  shown  by  the  first, 
shows  that  sea  water  is  a  conductor  of  electricity.  The  third 
experiment,  in  addition  to  the  facts  shown  by  the  first  and 
second,  shows  that  a  slight  interruption  in  the  metallic  part 
of  the  circuit  did  not  prevent  a  spark,  from  the  jar  employed, 
from  igniting  detonating  powder  at  another  slight  interruption 
of  that  circuit. 

1 79.  These,  I  believe,  are  the  only  facts  which  Mr.  Harris's 
experiments,  exhibited  in  presence  of  the  Navy  Board,  are 
calculated  to  illustrate ;  and  as  they  prove  nothing  novel,  nor 
anything  peculiar  to  that  gentleman's  system  of  conductors, 
they  not  only  fall  short  of  their  object,  but  are  perfectly  in- 
applicable to  the  great  question  at  issue. 

180.  There  are,  however,  circumstances  connected 
with  these  experiments,  which,  though  not  noticed  by  Mr.' 
Harris,  would  have  been  quite  as  interesting  to  the  Navy 
Board  as  the  results  which  they  witnessed.  Mr.  Harris 
could  easily  have  shown  the  officers  of  the  Navy  Board, 
that  a  moderate  electrical  discharge  would  render  a 
copper  conductor  red  hot,  and  that  gunpowder  in  contact 
with  this  electro-heated  metal  would  explode  as  decidedly  as 
if  heated  by  any  other  means :  and  it  would  have  been  no 
more  than  a  just  inference  to  have  added,  that,  a  lightning" 
conductor  may  be  sufficiently  heated  to  fire  gunpowder,  by  a' 
discharge   of  lightning  from  the  clouds.       It   would  have 
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beeii  well,  dlao,  to  have  shown  that  detonating  powder  would 
be  as  sure  to  ignite  by  the  spark  at  the  interruption  made  by 
the  saw  in  the  cutter's  conductor,  as  by  a  spark  at  the  howitzer. 
From  the  first  of  these  facts,  those  officers  might  probably 
have  inferred  that  a  lightning  conductor  passing  through  the 
powder  magazine  would  be  the  most  dangerous  appendage  in 
the  ship :  and  from  the  latter  they  would  have  implied  that 
"the  most  trifling  interruption  in  the  conductor,  from  accident 
or  otherwise,  might  be  productive  of  serious  evils.* 

181.  In  a  lecture  delivered  before  the  members  of  the  Bri- 
tish Association  at  the  Liverpool  meeting,  Mr.  Harris  brought 
forward  the  following  additional  experiment  in  illustration  of 
the  advantages  of  his  system  of  lightning  conductors. 

Experiment  4.  In  fig.  2,  a  6  and  cd  represent  the  two 
halves  of  a  long  tapering  round  pole,  cut  along  its  axis  from 
end  to  end,  having  the  flat  sides  of  both  halves  towards  the 
spectator.  In  the  axis  of  a  6  are  embedded  three  pieces  of 
metallic  wire  an^nm,  and  m  b.  At  the  interruptions  n  and  m, 
are  small  cavities  in  the  wood  for  the  lodgment  of  gunpowder 
9aid  detonating  powder;  and  when  charged  with  these  com- 
bustibles the  flat  side  of  cd  is  placed  against  the  flat  side  of 
a  b,  the  two  being  slightly  kept  together  by  a  suitable  con- 
trivance. The  outer  surface  of  this  compound  piece  is  fur- 
nished with  a  strip  of  tinfoil  which  reaches  from  top  to  bottom : 
and  is  then  represented  as  a  perfect  model  of  a  ship's  mast 
furnished  with  Mr.  Harris's  conductors. 

When  a  jar  is  discharged  from  the  top  to  the  bottom  of 
this  mast,  the  electric  fluid  traverses  the  tinfoil  on  the  outside, 
and  the  mast  is  protected.  This  done,  a  portion  of  the  tin- 
foil conductor,  reaching  from  above  the  opening  at  n,  down  to 
below  the  other  opening  at  m,  is  taken  away :  and  the  next 
discharge  of  the  jar  necessarily  passes  through  the  axial  wires, 
and  ignites  the  powder  in  the  two  cavities  n  and  m  ;  and  the 
explosive  force  of  the  gunpowder  blows  off  the  moveable  half 
c  a  of  the  mast.  This  effect  wsis  held  forth  as  an  exemplifica- 
tion of  the  effects  of  lightning  on  a  ship's  mast. 

182.  Whatever  may  be  the  merits  or  demerits  of  Mr.  Har- 
ris's system  of  conductors,  it  is  very  remarkable,  that  the  expe- 
riments exhibited  by  that  gentleman  in  its  favour,  before  the 
Navy  Board«  at  Plymouth,  in  1822,  and  repeated  in  his  lec- 
tures before  the  British  Association,  at  Liverpool,  and  other 
places,  happen  to  have  no  bearing  whatever  on  the  subject. 

*  I  believe,  however,  that  Mr.  Harris  has  taken  every  precaution 

to  prevent  interruptions  in  the  conductors  which  are  applied  to  the 

masts:  but  at  the  steps  of  the  masts,  and  between  the  copper  bands 

and  bolts  in  the  keelson,  it  will  always  be  difficult  to  keep  metalHc 

*  contact  so  as  to  prevent  explosions. 
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Those  experiments  are  no  more  illustrative  of  the  efficacy  of 
Mr.  Harris's  system  than  of  any  other  system  ever  yetoffioed 
to  public  notice:  and  as  I  am  not  aware  that  any  other 
experimente  have  been  attempted  for  demonstratiooy  I  have 
no  means  of  knowing  how  that  gentleman  has  been  led  to 
neglect  some  of  those  considerations,  which,  next  to  the 
selectioa.of  the  conducting  mi^terial,  are  certainly  the  most 
important  in  the  equipment  of  shipping  with  lightning  con- 
ductors. 


Examination  of  the  observed  effects  produced  on  shipping 
by  lightning. 
183.  A  general  outline  of  the  effects  of  lightning  on  flip- 
ping cannot  be  better  pourtrayed  than  by  the  following  des- 
cription of  those  produced  on  the  Rodney,  on  the  7th  of 
December  last. 

Fatal  Effects  of  Lightning  on  H.M.S.  Rodney,  in  thk 
Mediterranean. 

H.M.S.  Rodney,  7th  December,  1838,  was  8  or  10 leagues 
to  the  eastward  of  Cape  Passaro,  blowing  strong  with  squa% 
overcast  and  rainy  weather,  under  close  reefed  fore  and  mizen 
and  treble  reefed  main  top  sail.  At  9  a.m.,  in  a  heavy  squaU 
attended  with  hail  and  hard  rain,  the  ship  was  struck  with 
lightning.  Three  or  four  flashes  of  angry  looking  forked 
lightning  had  been  seen  before  in  the  northern  horizon,  not 
attaining  an  altitude  of  apparently  more  than  10  or  15 
degrees,  and  the  writer  thinks  it  here  necessary  to  mention 
that  this  statement  is  drawn  np  entirely  from  his  own  ideas» 
sensations,  and  observations  on  the  occasion,  and  not  feom 
any  hearsay  reports,  because  many  on  board  saw  and  heard 
things  differently  to  himself.  He  was  standing  with  Captain 
Parker  close  to  the  wheel  at  the  time.  No  very  particularly 
vivid  flash  or  unusually  great  glare  of  light  was  observed  at 
the  time,  although  people  are  commonly  blinded  for  some 
seconds  on  such  occasions,  but  the  first  thing  heard  was  the 
burst  or  explosion,  which  was  louder  than  one  of  the  ship's  32 
pounders,  but  not  exactly  like  it,  it  being  sharper  and  more 
piercing,  something  like  the  bursting  of  a  bomb  shell;  and 
then  the  iron  hoops  of  the  main  mast  came  rattling  down  the 
mast,  being  burst  asunder.  The  captain  and  the  writer  looked 
at  each  other  in  silent  astonishment,  then  forward  and  aloft, 
wh^i  the  hoops  were  seen  tumbling  down  the  main  mast,  and 
similiters  flying  about  in  all  directioiis  and  to  leewaxd  to  an 
immense  exirent.     Hie  main  topgallant  wast  was  sluv^^  \m 
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mtomSf  leaving  the  main  t9p«Uaat  yard  across  Uie  ^sp,  a^d 
the  royal  pole  from  the  houads  of  the  topgallant  riggiiig  to  the 
truck  perfect^  which  was  left  sticking  up  above  the  topgallant 
yard,  having  slipped  itsdf  on  the  upper  part  of  the  topmast 
riggiog.  la  perhaps  about  a  minute  or  so^  flames  were  seen 
iBiAiing  from  the  bunt  of  the  topsail  yard,  the  electric  fluid 
having  ignited  the  paunch  mat  and  gear  thereabouts;  it 
burnt  some  minutes  before  it  could  be  extinguished  by  wet 
swabsy  water,  &c.^&c.;  fortunately  from  the  heavy  rain  every 
thing  was  p^fectly  saturated,  or  no  one  knows  where  the 
maachief  would  have  ended.  The  electric  flaid  was  seen  to 
pass  from  the  mast  about  7  feet  above  tlie  deck  over  the  star- 
board hammock  netting  to  leeward  (right  over  a  gun)  like  a 
ball  of  fire.  Luckily  all  the  people  on  deck  had  been  ordered 
to  take  shelter  out  of  the  rain,  consequently  nobody  was  near 
the  main  mast  at  the  time,  and  nobody  suffered  excepting  the 
unfortunate  men  who  were  at  the  mast  head. 

Pro^essive  eour^  of  the  Electric  Fluid. — The  vane  staff 
which  18  6  feet  long  with  a  copper  spindle  {on.  which  the  vane 
traverses)  of  about  10  inches  in  length,  surmounted  by  a  gilt 
wooden  ball,  the  sis&e  of  au  orange,  shows  its  first  effect  (the 
baU  and  spindle  were  never  seen  after  the  shock),  being  split 
but  not  broken,  and  one  side  of  it  blackened;  the  coi)per 
binder  round  the  truck  was  burst  asunder,  a  small  piece 
broken  out  of  the  truck,  and  one  of  the  metal  sheaves  for 
signal  halyards  dightly  fused.  From  this,  after  leaving  the 
royal  pole  uninjured,  it  appears  to  have  passed  inside  the 
copper  funnel  &)r  t^>gallant  rigging  and  iron  hoop  of  the 
hounds  of  the  mast,  shivering  me  topgallant  mast  to  atoms, 
bom  thence  to  the  topmast  cap,  not  a  piece  having  been  seen 
the  size  of  a  common  walking  cane,  and  the  sea  was  literally 
covered  with  its  splinters  to  a  conuderable  extent;  its  marks 
are  now  lost  for  many  feet,  notwithstanding  the  shock  about 
this  apot  must  have  been  most  terrific,  as  it  was  in  the  top- 
mast croastrees  where  the  poor  fellows  who  suffered  were  at 
the  time,  and  also  the  heel  of  the  topgallant  mast  (which  was 
not  at  all  injured  below  the  caip)  was  forced  upwards  into  the 
cap,  the  fid  being  raised  about  8  inches  above  the  trussel 
trees  with  such  force  tiiat  the  Urn  burton  block  strop  was  car- 
ried away  in  trying  to  bouse  it  down  again,  and  after  all  we 
were  obliged  to  cut  it  out,  not  being  able  to  clear  it  in  any 
other  way.  Its  next  appearance  is  on  the  main  topmast,  10 
foet  above  the  cap,  seemingly  attracted  by  the  iron-bound  tye 
blocks  and  iron  hoq)8  on  the  topsail  yard  (being  under  a 
treble  reefed  topsail),  from  whence  it  rent  an  immense  splinter 
out  of  the  mast  down  to  the  lower  cap,  going  nearly  into  the 
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core  of  the  mast  and  set  fire  to  the  tarry  and  greasy  gear 
about  the  bunt  of  the  topsail  yard,  after  taking  this  large 
splinter  of  nearly  one  quarter  of  the  substance  cf  the  mast 
away.  Its  next  positive  mark  is  on  the  starboard  lower  trussel 
tree,  the  lower  cap,  head  of  lower  mast,  and  heel  of  tomnast 
(both  iron  hooped),  having  escaped  unhurt.  It  shook  and 
blackened  the  trussel  tree^  rendering  it  unserviceable,  and 
then  must  have  entered  the  main  mast,  spreading  and  passing 
down  both  sides,  bursting  13  of  the  large  iron  hoops  in  its 
course,  and  knocking  out  pieces  of  the  side  trees  and  main 
stick  in  several  places,  and  escaped  from  the  mast  in  the  shape 
of  a  fire  ball,  7  feet  above  the  deck,  and  was  seen  to  go  over 
the  starboard  (leeward)  netting  right  over  the  gun  abreast  of 
the  main  mast  rending  the  hammock  cloth  in  several  places, 
carryins^  away  one  rattlin  and  stranding  another ;  its  exit 
although  fiery  in  appearance  was  harmless  in  efiect,  merely 
injuring  the  cloth  over  a  space  of  about  a  foot,  and  breaking 
the  two  rattlins,  when  it  was  seen  to  strike  the  water  a  short 
distance  from  the  ship. 

Effects  of  the  Electric  fluid  in  its  course. — Knocked  over- 
board (at  least  they  were  never  picked  up  or  seen)  the  gilt 
ball,  copper  spindle,  and  calico  vane  from  the  top  of  the  vane 
staff — split  the  vane  staff — broke  the  copper  binder  round  the 
truck — broke  a  piece  out  of  truck  and  slightly  fiised  one  of 
the  metal  sheaves  for  signal  halyards — cleared  away  the  whole 
of  the  main  topgallant  mast  from  the  hounds  of  topgallant 
I'iggii^g  to  the  topmast  cap,  not  leaving  a  fragment  aloft. 
Four  men  who  had  been  sent  aloft  to  unbend  topgallant  gear 
and  prepare  for  sending  the  yard  down,  were  in  the  crosstrees 
at  the  time  ;  John  Rowe  was  struck  dead  as  he  was  moving 
from  the  weather  to  the  lee  side  of  the  mast  for  shelter  ftx)m 
the  rain,  he  was  just  on  the  aft  side  of  the  mast  at  the  moment 
and  fell  astride  the  after  crosstree,  where  he  was  held  by  some 
ropes  falling  round  him — he  never  spoke.  Thomas  HoUings- 
worth  was  standing  on  the  after  shroud  of  topgallant  rigging 
to  leeward  of  the  mast  and  holding  on  by  the  after  crosstree — 
he  was  so  seriously  injured  as  to  be  sent  down  in  a  chair  and 
died  in  7  hours  after.  Hugh  Wilson  was  standing  on  the 
foremost  shroud  of  topgallant  rigging,  holding  on  by  foremost 
crosstree  and  close  to  Hollingsworth — he  states  that  the 
shock  threw  him  forward  and  Hollingsworth  aft,  he  was  only 
slightly  hurt,  and  only  (wo  or  three  days  in  the  doctor's  list ; 
the  other  man  Charles  Prynn  was  to  windward,  standing  on 
the  crosstree,  holding  on  by  the  foremost  shroud  of  topgallant 
rigging  and  received  so  slight  a  shock  that  he  did  not  even 
apply  to  the  doctor.     Wilson  heard  no-  thunder.     The  first 
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named  two  men  had  every  stitch  of  clothes  bomt  from  their 
bodies,  excepting  just  the  wrist  bands  and  lower  parts  of  the 
trousers  which  was  left  about  the  wrists  and  ancles.  They 
presented  a  shocking  spectacle,  their  bodies  discoloured  and 
nair  singed  from  their  persons.  The  next  place  is  a  large 
splinter  out  of  the  main  topmast,  from  ten  feet  above  down  to 
the  cap,  setting  fire  to  the  gear  about  the  topsail  yard  and  then 
eomraences  its  destructive  force  about  the  main  mast,  first  of 
all  giving  a  severe  shake  to  the  starboard  lower  trussel  tree ; 
it  is  hardly  possible  to  give  a  description  of  its  effects  on  the 
main  mast,  the  mast  should  be  seen  fully  to  understand  it, 
but  some  idea  may  be  formed  when  it  is  stated  that  out  of  28 
large  iron  hoops  5  inches  wide  and  half  an  inch  thick  between 
the  deck  and  trussel  trees,  13  were  burst  asunder  and  that 
for  a  space  of  53  feet  its  ravaging  effects  can  be  traced  the 
whole  way,  and  the  spot  whence  it  made  its  final  escape  is 
several  inches  deep  in  the  mast— on  the  starboard  side  a  large 
piece  of  the  mast  is  broken  out  (6  inches  deep)  from  the  third 
to  the  sixth  hoop  above  the  deck,  and  from  the  eighth  to  the 
ninth  hoops.  The  cheek  or  side  tree  several  feet  of  the  lower 
part  gone  altogether  and  the  other  part  nearly  shook  all  to 
pieces.  The  larboard  side— ekin  piece  gone  from  the  sixth 
to  the  eleventh  hoop  and  the  mast  burst  out  from  the 
ninth  to  the  eleventh,  and  from  the  thirteenth  to  the  fifteenth, 
and  the  cheek  very  much  shook.  The  hoops  carried  away 
were  mostly  the  clasp  hoops  of  side  trees,  but  some  of  the 
body  hoops  were  also  burst  asunder,  and  strange  to  say  the 
awning  hoop  on  which  the  main  trysail  mast  steps  and  mizen 
stays  reeve,  lost  one  of  its  fore-locks,  notwithstanding  a  piece 
of  copper  had  been  nailed  over  the  clasp  part — the  forelock 
which  was  driven  downwards  was  gone  with  a  piece  of  copper 
and  never  seen,  while  the  one  which  drives  upwards  was  left 
in  its  place  and  held  the  hoop  together.  There  were  eighteen 
body  hoops  between  the  deck  and  trussel  trees,  and  ten  clasp 
hoops  round  side  trees — four  of  the  body  hoops  below  side 
trees  were  broken,  none  of  the  hoops  on  the  head  of  lower 
mast  or  on  the  heel  of  the  topmast  were  touched. 

Several  men  assert  that  balls  of  fire  were  running  about 
the  lower  deck,  and  that  they  ran  after  them  to  throw 
them  overboard;  this  seems  strange,  but  if  so,  and  it  is 
hardly  possible  several  could  be  deceived,  it  could  be  nothing 
more  than  flashes  or  rather  sparks  passing  down  the  diflferent 
hatchways  after  the  explosion  and  less  active  than  in  the  first 
descent,  at  all  events  it  is  certain  there  was  a  strong  sulphur- 
ous smell  below,  particularly  in  the  pump  well,  and  sparks 
seen  by  many  of  the  officers.     It  is  remarkable  that  the 
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d^ectric  fluid  seens  to  have  jtunped  from  metal  to  metal*^ 
first  the  copper  spiudle,  thea  the  copper  funnel  of  topgallant 
rigging,  and  iron  hoop  round  the  mast  to  the  head  of  the  top<» 
mast,  from  thence  to  the  iron  bound  blocks  and  hoG|>s  on  the 
top-sail  yard  to  the  main  cap,  and  then  to  the  lower  trussel* 
trees,  taking  all  the  hoops  downwards,  passing  over  a  gim 
into  the  sea. 

The  mast  has  since  been  taken  to  pieces  at  the  naval  yard 
at  Malta,  and  its  interior  shows  mo  defect,  in  fiEust,  not  the 
slightest  injury  appears  about  the  mast,  except  what  was  ezte* 
riorly  displayed ;  it  is  marked  in  some  places,  even  on  ths 
spindle  (centre  piece)  as  if  a  train  of  powder  had  been  flashed 
on  it,  but  nothing  more. 

The  outside  crip^ed  state  of  the  mast  led  us  to  fear  the 
worst  and  to  secure  it  as  efiectually  as  possible  for  carrying 
sail.  This  was  done  by  getting  the  spare  fore  t(m-mast  up 
and  down,  filling  up  with  studding  sail  booms  and  clapping 
the  iron  fishes  over  the  worst  part,  the  main  top-mast  being 
lowered  sufficiently  to  bring  its  wound  below  the  cap.  Am 
was  well  woulded  together,  and  by  degrees  we  felt  coi^dence 
in  the  strength  of  the  mast,  so  that  at  l^st  we  got  a  fore-top 
gallant  mast,  fitted  on  it  and  carried  the  main-sail,  treble 
reefed  topsail,  t(q)gallant  sail  and  royal,  working  to  windward 
for  three  or  four  days. 

G.  B.  H. 

Magnetism  and  Electricity.-^^ximci  of  a  letter  from  Malta)—* 
After  the  mainmast  of  H.M.S.  Rodney  was  struck  by  lightning 
during  her  late  passage  from  Athens  to  this  place,  the  broken  hoops 
surroundinc^  it,  were  all  found  to  be  magnetised  in  the  same  uni- 
formity of  direction  as  if  they  had  been  operated  on  in  one  direction 
by  the  galvanic  helix.  Thus  in  a  hoop  broken  in  two  athwart  shops 
(speakii^  with  reference  to  the  ship's  head)  the  larboard  end  of 
the  foremost  portion  was  a  south  and  its  starbofird  end  a  north 
pole  :  the  end  of  the  aftermost  portion  in  contact  with  the  south 
pole  of  the  foremost  portion  being  consequently  a  north  pole,  and 
the  other  end  thereof^  a  south,  and  so  uniformly  with  all  the  other 
hoops  at  whatever  part  they  were;  similar  poles  in  each  hoop 
always  pointing  in  smiilar  directions  ia  the  circumference  of  the  re- 
spective circles. 

Nantioal  Mag. 

184.  There  are  five  remarkable  facts  stated  in  the  above 
account  from  the  Rodney,  which  will  be  occasionally  alluded 
to  in  this  discussion :  viz.  The  bursting  of  the  metallic  hocqps 
pf  the  main  mast,  copper  binder  of  the  truck,  &c. — ^The  fusion 
o£  the  metallic  sheave. — Wilson  and  HoUngswc^rth  being 
thrown  in  cfppcmie  directions. — ^Ilie  flashes  or  spadm  seen 
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.hdom  deck  :-««iid.  The  maaner  in  which  the  broken  hoops 
were  n&agiietafled. 


185.  Tlie  two  following  are  cases  in  which  ships^  furnished 
with  Mr.  Harris's  conductors^  are  supposed  to  be  struck 
with  lightning. 

Extract  from  a  Report  on  the  Lightning  Conductors  of 
H.M.S.  Beagle.     1831-6 

"  Previous  to  leaving  England  in  1831,  the  Beagle  was 
fitted  with  the  permanent  lightning  conductors  invented  by 
Mr.  W.  Snow  Harris,  F.R.S. 

*^  During  the  five  years  occujued  in  her  voyage  she  was 
firequently  exposed  tolightning,  but  never  received  the  slightest 
damage;  although  supposed  to  have  been  struck  on  at  least 
two  occasions.  At  each  of  these  times,  at  the  instant  of  a 
vivid  flash  of  lightning,  accompanied  by  a  crashing  peal  of 
thunder,  a  hissing  sound  was  heard  distinctly  on  the  masts, 
and  a  strange,  though  very  slightly  tremulous,  motion  in  the 
ship  herself,  indicated  that  something  unusual  had  happened^ 
&c. 

(Signed)        '^ROBERT  FITZ-ROY, 

"  Late  Captain  of  H.M.S  Beagle.*" 


Extract  from  a  Copy  of  m  Letter  from  Captain  Turner ^ 
iate  of  H.M.S.  Dryad. 

*^H.M.S.  Dryad,  Sierra  Leone,  Feb.  13th,  1831^ 
'*  My  Dear  Sir, 
''  I  write  to  mform  you  that  we  have  had  a  trial  of  your  con- 
ductors, and  most  excellent  things  they  are.  During  our  last 
cruise  we  had  a  great  desd  of  lightning,  but  in  one  afternoon 
in  particular,  we  had  a  tornado,  which  is  always  attended 
with  a  great  deal  of  thunder  and  lightning ;  whilst  standing 
on  the  quarter  deck  during  one  of  the  flashes,  I  distinctly 
saw  the  lightning  run  down  the  conductor  on  the  foremast, 
and  the  <^cer  oTthe  forecastle  came  and  told  me  he  heard  a 
whizzing  noise  resembling  water  boiling.  All  the  men  that 
were  there  heard  it  also;  a  short  time  afterwards  several  of 
the  ofBcers  were  standing  abaft,  and  saw  it  diurin^  another 
flash  go  down  the  mizen  mast  with  the  same  whizzing  noise. 
It  may  be  necessary  to  tell  you  that  lightning  on  this  coast 
aiqpears  to  remain  longer  in  the  air  than  any  other  place  I 
was  ever  at. 

''I^n&c.  &c. 
'•WILLIAM  TURT9ER.** 
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.  186.  Mr.  Harris  observes^  that^  there  is  ^'a  remarkable 
agreement"  in  these  two  cases,  especially  in  ^'the  hissing  sound 
&c."  On  this  phenomenon  I  shall  remark,  that  the  hissing 
sound  proceeds  from  no  other  parts  of  a  conductor  than  those 
which  deliver  the  fluid  into  the  air  or  other  inferior  conducting 
medium ;  for  no  such  noise  is  ever  produced  by  the  fluid 
entering  a  metallic  conductor.  Hence  it  is  obvious  that  if 
these  hissing  sounds  proceeded  from  Mr.  Harris's  conductors, 
they  were  occasioned  by  the  electric  fluid  rushing  from  the 
sharp  edges  of  them,  and  from  numberless  asperities  on  the 
surface  of  the  metal.  To  those  accustomed  to  making  elec- 
tric-kite experiments  during  thunder  storms,  the  hissing  noise 
must  be  a  familiar  phenomenon.  It  proceeds  from  the  broken 
parts  of  the  metallic  strand  and  other  asperities  of  the  string, 
which  are  discharging  fluid  from  upper  to  lower  strata  of  the 
air,  or  to  the  ground;  and  not  from  any  flash  of  lightning 
striking  either  the  kite  or  its  string.  Hence  the  hissing  noise 
heard  on  board  the  Beagle  and  Dryad  was  no  indication  of 
either  of  the  vessels  receiving  a  flash  of  lightning  at  the  time; 
but  rather  that  their  conductors,  and  other  parts  of  the  rigging, 
were  discharging  into  the  air  about  the  lower  part  of  the 
masts,  a  quantity  of  fluid  communicated  to  their  upper  parts 
by  a  wave  of  the  electric  fluid,  produced  by  a  neighbouring 
flash  of  lightning.  There  is  certainly  something  remarkable 
in  the  appearance  of  lightning  running  down  the  masts  of  the 
Dryad,  which  I  shall  endeavour  to  explain  under  another 
head  (208, 209,  210, 211,  212,  213,  214)  ;  but  whether  they 
emanated  from  direct  discharges  of  lightning  on  the  masts  or 
otherwise,  they  could  be  no  very  welcome  visitors  in  the  pow- 
der magazine. 

187.  Mr.  Harris  has  stated  that  ^^from  about  100  cases, 
the  particulars  of  which  have  been  ascertained,  it  appears  that 
about  one  half  of  the  ships  struck  by  lightning,  are  struck  in 
the  main  mast :  one  quarter  on  the  fore  mast ;  one  twentieth 
on  the  mizen  mast  and  not  more  than  one  in  a  hundred  on 
the  bowsprit.  About  one  ship  in  six  is  set  on  fire  in  some 
part  of  the  masts,  sails,  or  rigging.  In  these  100  cases  there 
are  destroyed  or  damaged  93  lower  masts,  principally  line  of 
battle  ships  and  frigates,  83  top  masts,  and  60  topgallant 
masts.'** 

1 88.  By  looking  over  the  particulars  of  174  cases,!  which 
Mr.  Harris  has  collected,  I  find  only  44  in  which  the  top- 

*  Harris's  ^^  state  of  the  question  relating  to  the  protection  of  the 
British  navy  from  lightning.'' 

-I-  In  several  of  these  cases  the  particulars  of  the  damage  is  not 
specified. 
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gallant  masts  appear  to  have  been  injured :  and  as  out  of 
these  44  cases  there  are  13  in  which  the  topgallant  masts 
were  lost,  broken^  or  damaged,  accidents  probably  occasioned 
by  the  mere  falling  of  those  masts  when  the  others  below  them 
were  struck,  tiiere  would  appear  to  be  only  about  31  cases 
out  of  the  174  in  which  the  topgallant  masts  have  been  abso- 
lutely struck  by  the  lightning.  It  is  probable,  indeed,  that 
the  proportion  is  even  less  than  this ;  because  of  these  31  cases 
there  are  15  in  which  the  topgallant  masts  were  shivered  only, 
a  species  of  damage  which,  if  occurring  near  to  the  heel  of 
the  masts,  might  easily  arise  from  lightning  striking  the  ship 
BO  higher  than  the  topmast  head.  Lightning  striking  the 
tcmsail  yard  arm,  when  that  sail  is  set,  or  the  crosstrees  at 
<^er  times,  would  be  very  likely  to  damage  the  lower  part  of 
the  topgallant  mast. 

189.  An  accurate  statement  of  the  highest  point  which 
lightning  has  struck  each  vessel,  and  the  cases  in  which  yard 
arms  have  been  struck,  would  afford  important  data ;  for  show- 
ing the  necessary  height  to  which  conductors  ought  to  ascend 
in  the  rigging,  and  the  comparatively  uselessness  of  continu- 
ing them  higher.  Also,  how  far  it  would  be  advisable  to  pro- 
tect the  yard  arms  for  the  purpose  of  preventing  lightning 
entering  the  vessel  by  their  mstrumentality. 


Electrical  phenomena  similar  to  those  produced  by  lightning. 

190.  The  figure,  dimensions,  and  character  of  the  metal 
being  determined  on,  the  next  most  important  consideratioa 
in  the  application  of  lightning  conductors  to  shipping,  are 
their  most  eligible  situations,  both  as  respects  the  working  of 
the  sails  and  avoiding  the  probable  disasters  by  lightning 
entering  the  rigging  and  hull  of  the  vessel ;  and  to  determine 
which,  it  becomes  necessary  to  study  the  effects  of  both  the 
direct  and  the  lateral  discharges. 

191.  By  the  direct  or  primitive  dischar^,  we  know  that 
men  can  be  killed,  inflammable  bodies  ignited,  and  metals  evea 
fused.  Hence  our  first  object  should  be  to  keep  the  direct 
discharge  as  clear  of  the  ship  as  possible ;  especiaUy  from  the 
masts,  deck,  and  hull ;  and  as  it  is  possible  that  the  most 
spacious  conductor  that  can  conveniently  be  applied  to  a 
ship  may  be  rendered  sufficiently  hot,  by  a  flash  of  lightning, 
to  Ignite  gunpowder,*  we  ought  never  to  be  induced,  under 

*  Instance  the  fiision  of  the  metal  sheave  of  a  block  on  board  the 
Rodney  (183, 184).  Some  few  years  ago  the  brig,  Jane,  from  New 
York  to  Liverpool,  had  some  part  of  her  chain  condtustor  fused  by  a 
flash  of  lightning ;  the  lower  part  of  it  fell  overboard*    It  is  said 
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any  ciroamstances  whatever^  to  lead  a  lightning  condnotor 
through,  or  near  to,  the  powder  magazine^  at  the  risk  of  blow- 
ing up  the  ship. 

192.  The  lateral  discharges  are  of  three  distinct  kinds» 
which,  for  convenience  of  reference,  I  will  denote  by  the 

Jlrst,  second,  and  third  kind. 

193.  The  first  kind  of  lateral  discharge,  was,  by  Priestly^ 
called  the  Uttered  explosion.  It  takes  place  at  every  inter- 
ruption of  a  metallic  circuit,  or,  wherever  the  electric  fluid 
is  exhibited  in  the  shape  of  a  spark  or  sudden  flash  of  light 
in  the  common  atmosphere  or  other  inferior  conducting  me- 
dium. By  this  kind  of  lateral  discharge,  the  air  is  suddenly 
displaced:  loose  bodies  are  scattered  and  thrown  from  the 
axis  of  the  circuit,  and  solid  inferior  conducting  bodies  are 
shattered  or  torn  to  pieces:  waves  of  electricity  are  also  (mto- 
duced  in  the  neighbouring  atmosphere  and  the  bodies  within 
it,  by  this  kind  of  lateral  discharge.  Hence  the  probability 
of  smps'  masts  and  other  masse-s  of  wood  being  shivered, 
split,  &c. ;  their  hoops  burst  asunder,  and  other  similar  efl»cta 
being  produced  from  the  same  cause:  even  men  may  be  killed 
by  these  lateral  forces  (183,  184).* 

194.  The  second  kind  of  lateral  discharge  is  a  apeoies  of 
radiation,  of  the  electric  matter,  from  the  sur&ce  of  good 
conductors  carrying  a  direct  or  primitive  discharge.  It  UikeM 
place  most  copiou^y  from  the  edges  of  strips  of  metal,  or  from 
the  surfaces  of  ragged  or  asperous  wires ;  and  to  a  greater 
extent  in  rare  than  in  dense  air.  Hence  sharp  edged  strips 
of  metal  carrying  a  heavy  flash  of  lightning  would  necessarily 
discharge  a  great  quantity  of  fluia  from  both  edges  to  the 
neighbouring  objects  or  into  the  air. 

195.  The  third  kind  of  lateral  discharge  is  a  displacement 
of  the  electric  fluid  natural  to  those  bodies  which  are  vicinal 
to  a  continuous  conductor  carrying  the  primitive  discharge. 
The  following  experiment  will  serve  as  an  illustration. 

Experiment.  Lei  the  Leyden  jar  j  fig.  3,  Plate  IV,  be 
^charged  through  the  good  conducting  metallic  rod  ce, 

that  the  lightning  rod  panvw  tfaroogfa  the  Nekoo  monoment,  at 
Sdiabari^  became  to  hot,  oy  a  flash  of  lightoing^  that  iioouki 
Bet  be  tooehed  by  the  hand,  by  the  first  person  who  visited  it  aft^- 
wards*  AUowtng  only  a  few  minutes  to  have  elapsed  between  the 
flash  and  the  person  entering  the  monument,  the  probability  would 
be  that  the  conductor  had  been  rendered  red-hot  by  the  lightning. 

*  The  prmcupo/  discharge  obviously  uassed  through  and  over 
the  sur&oe  of  Hollingswom's  body ;  whilst  Wilson  was  probably 
hurt,  and  tlurown  in  me  opposite  direction,  by  the  lateral  explosion. 
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nthich  iUnds  on  the  same  metallic  plate  as  the  jar  is  placed 
on.  At  the  same  moment  a  spark  will  appear  at  the  opening 
o,  hetween  the  insulated  metallic  body  B  and  the  conductor 
e  c.     This  it  a  lateral  discharge  of  the  third  kind. 

19&  If,  instead  of  the  metallic  body  B,  the  knuckle  were 
to  be  presented  to  the  conducting  rod  c  c,  a  pungent  spark 
would  be  felt  at  every  discharge  of  the  jar  through  the  circuit 
represented  by  the  iigure. 

197.  If,  instead  of  discharging  the  jar  through  the  con- 
ductor ecyit  were  to  be  discharged  by  a  direct  implication  of 
the  discharging  rod  to  the  coating  or  metallic  plate  on  which 
the  jar  stands,  as  represented  by  fig.  4 ;  the  lateral  discharge 
would  still  occur  at  o  between  the  body  B  and  the  conducting 
rod  ee. 

198.  By  this  kind  of  lateral  discharge  a  dense  spark  may 
he  podoced  when  the  bodies  B  and  c  c,  are  half  an  inch 
asunder,  though  the  jar  employed  be  only  of  the  capacity  of 
a  quart.  Chemical  decompositions  are  easily  performed  by 
this  lateral  discharge,  even  with  the  small  jar  I  have  just  men- 
tioued,  and  every  other  class  of  electric  phenomena  may  be 
exhibited  by  it,  when  the  apparatus  are  sufficiently  large,  as 
decidedly  as  by  the  primitive  discham  itself. 

199.  The  effect  is  much  increased  by  connecting  the  body 
B  with  the  ground ;  and  diminished,  to  a  certain  extent,  by 
connecting  the  outside  of  the  jar  with  the  ground.  I  have 
produced  the  spark  between  c  c  and  the  body  B,  when  placed 
50  feet  from  the  direct  discharge.  The  arrangement  is  shown 
in  fig.  5,  where  c  o  is  connected  with  the  outside  of  the  jar 
by  a  copper  wire  50  feet  in  length. 

200.  In  fig.  6y  cc  may  represent  the  conductor  of  a  ship's 
mast,  eonneeted  with  the  iron  knee  k  by  means  of  the  copper 
strap  s,  as  proposed  by  Mr.  Harris.  Then  a  discharge  from 
the  jar  J  through  the  conductor  c  c  would  imitate  a  flash  of 
lightning  striking  a  similar  conductor  in  a  mast;  and  it  will 
be  found  that  this  arrangement  is  as  productive  of  the  lateral 
discharge  at  o  between  the  body  B  and  the  iron  knee  k,  as 
any  other  arrangement  whatever ;  and  as  similar  lateral  dis- 
charges would  take  place  from  any  part  of  the  copper  strap  «, 
or  firom  any  metallic  appendage  or  branch  of  the  conductor,  it 
is  obvious  that  men  who  happened  to  be  near  to  any  of  these 
ootiductors,  straps,  knees,  &c.  would  experience  all  the  effects 
of  these  lateral  discharees. 

201.  When  the  body  B  is  connected  with  the  conductor 
c  c,  by  a  wire  w  to,  20  feet  long,  as  renresented  in  fig.  7,  only 
a  very  short  lateral  spark  is  Stained  at  o  between  the  con- 
ductor and  body  B ;  but  as  the  wire  is  lengthened  the  lateral 
spark  becomes  longer  and  denser.     I  find,  also,  that  the 
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lateral  spark  is  increased  by  an  increase  in  the  quantity  of 
metal  between  the  body  B  and  the  jar^  without  lengthening 
the  conducting  distance. 

202.  I  have  united^  by  metal,  the  outside  of  the  jar  /  and 
conductor  c  c  with  a  metallic  pump,  which  descends  mto  a 
deep  well  copiously  supplied  with  water,  in  order  that  the 
conductor  c  c  might  be  as  uninsulated  as  I  could  possibly  make 
it;  still,  however,  the  latersd  spark  appeared^ between  the 
conducting  rod  c  c  and  the  body  B,  whether  the  latter  was 
metallically  united  with  the  same  pump,  or  with  a  kitchen 
range  at  some  distance  from  it.  I  have  made  a  number  of 
experiments  of  this  kind,  and  have  varied  the  arrangement  in 
many  ways,  and  from  the  results  which  have  been  obtained,  I 
am  fully  of  opinion  that  this  kind  of  lateral  discharge  will 
always  take  place  when  the  vicinal  bodies  are  sufficiently  ca- 
pacious, and  near  to  the  principal  conductor  which  carries  the 
primitive  discharge,. or  to  any  of  its  metallic  appendages. 

203.  Such,  in  fact,  appears  to  be  the  case  when  only  the 
small  jar,  already  mentioned,  is  used :  and  as  the  extent  of 
electro-displacement,  in  vicinal  bodies,  depends  upon  the 
magnitude  and  intensity  of  the  primitive  discharge  or  main 
stroke  ;*  the  electro-displacement  and  consequent  lateral  dis- 
charge occasioned  by  a  heavy  flash  of  lightning  striking  a 
conductor  which  passes  through  the  body  of  a  ship,  must 
necessarily  be  exceedingly  dangerous ;  for  sdthough  this  kind 
of  lateral  discharge  is  never  so  powerful  as  the  primitive  dis- 
charge, nor  so  great  amongst  inferior  conductors  as  amongst 
those  which  conduct  freely;  the  magnitude  and  intensity  of 
a  flash  of  lightning  being  infinitely  greater  than  any  tUng 
which  can  be  produced  artificially,  even  bv  the  most  stupen- 
dous apparatus  that  can  be  employed ;  the  effects  of  lateral 
discharges  from  lightning  would  also  be  proportionally  greater 
than  any  ever  produced,  or  possible  to  produce,  experimentally : 
and  their  consei^uences  always  to  be  dreaded.  The  ^^  balls  of 
fire"  seen  '^running  about  the  deck"  of  the  Rodney,  with  the 
flashes  and  sparks  (183,  184),  were  more  likely  to  be  a  series 
of  lateral  discharges  of  this  kind,  or  by  waves  from  the  first 
kind  (193),  amongst  the  articles-  below,  than  any  part  of  the 
lightning  which  struck  the  ship.  Electrical  waves  produced 
by  a  discharge  throufi^h  a  conductor  situated  close  to  the  pow- 
der magazine  would  produce  intense  sparks  amongst  the 
powder  barrels,  whose  metallic  linings  and  hoops  would 
reciprocally  exchange  them. 


*  Mam  stroke  is  the  name  given  to  this  phenomenon,  by  Viscount 
Mahon,  who  studied  this  kind  of  lateral  discharge  very  extensiyelyk 
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A  comparison  of  the  observed  effects  of  Lightning y  and 
the  probable  effects  which  Lightning  would  produce  by  the 
application  of  Mr.  Harrises  system  of  conductors  to  shipping. 

204.  Were  there  no  other  data  than  those  afforded  by  the 
fusion  of  the  metallic  sheave,  beioDging  to  the  Rodney  (183, 

184) :  and  the  fusion  of  the  chain  conductor  belonging  to  the 
brig  Jane  (191  note),  we  should  have  ample  demonstration  of 
the  super-eminent  calorific  powers  which  lightning  exercises  on 
metallic  bodies  of  considerable  dimensions :  and  of  the  probable 
effects  producible  on  masses  of  still  greater  magnitude,  by 
the  same  agency.  These  specimens  of  electric  action  when 
exhibited  on  the  grand  scale  of  nature,  and  which  mock 
every  human  eflfort  at  competition,  ought  to  be  regarded  as 
monitors  of  inestimable  value,  prominently  and  opportunely 
j^aced  before  us,  as  if  commissioned  by  an  all-mercinil  Provi- 
dence, to  wamusof  the  imminentdanger,or  certain  destruction, 
to  which  thousands  of  mortals  may  be  exposed  by  the  mis- 
placing of  lightning  conductors  in  ships  containing  combustible 
matenak.  Let  us,  then,  avail  ourselves  of  these  wdl  authen- 
ticated and  most  important  facts,  and  endeavour  to  profit  by 
the  inestimable  examples  which  thev  aSEoird  for  our  instruction 
and  guidance.  The  mipressions  which  these  facts  convey  to 
the  mind  are  too  forcible  and  too  definite  to  be  easily  mis- 
understood: they  clearly  imply  that  either  of  the  discharges 
of  lightning  which  struck  the  Rodney,  or  the  Jane,  would 
have  been  powerful  enough  to  have  rendered  even  the  thickest 
part  of  Mr.  Harris's  conductors  sufficiently  hot  to  ignite 
gunpowder;  and  that  a  similar  discharge  of  lightning;  strik- 
mg  the  mizen  mast  conductor,  should  it  pass  through  the 
powder  magazine,  would  probably  be  the  means  of  the  ship 
being  blown  to  atoms.  Hence  it  becomes  obvious,  that  the 
calorific  effects  alone,  by  a  direct  discharge  of  lightning, 
would  be  sufficient  to  put  in  the  most  imminent  jeoparay 
every  vessel  which  is  mmished  with  conductors  that  pass 
through,  or  near  to,  the  powder  magazine. 

205.  It  appears  firom  Mr.  Harris's  list  of  cases  (187), 
that  the  lower  masts  are  more  frequently  injured  than  the 
top-masts,  and  the  top-masts  more  frequently  than  the  top- 
gaolant  masts :  hence,  although  the  Rodney  and  some  other 
ships  have  been  struck  above  the  top-mast,  it  is  obvious  that 
lightning  more  frequently  strikes  the  rigging  below  the  top- 
mast-head than  above  it;  and  by  taking  into  account  the 
damage  done  by  the  mere  falling  of  the  top-gallant  mast,  as 
a  cooseauence  of  the  masts  below  it  being  struck  and  injured, 
it  is  highly  probable  that  the  cases  in  which  lightning  strikes 
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the  spindle  at,  or  above,  the  top-gallant  mast  head,  bear  a  very 
small  proportion  to  the  cases  in  which  lightning  strikes  the  sides 
of  the  masts  and  yard-arms.  From  this  inference,  it  will  be 
obvious  that  an  obliqtce  flash  of  lightning  striking  the  body 
of  the  rigging,  could  not  arrive  at  a  conductor^  let  into  the 
wood  on  the  cifter-side  of  a  mast,  without  damaging  the  mast 
itself;  unless  it  came  from  a  cloud  astern  the  vessel.  Were 
the  lightning  to  strike  any  of  the  yard-arms  in  order  to  arrive 
at  a  conductor,  that  yard-arm  would  receive  as  much  damage 
as  if  no  conductor  had  been  there :  and  it  is  even  possible 
that  the  conductor  would  be  the  means  of  increasing  the 
damage,  by  causing  the  lightning  to  run  along  the  whole 
length  of  the  yard-arm  to  the  mast;  and  the  mast  itself 
might  then  be  traversed  by  the  lightning  and  shattered  be* 
tween  the  yard  and  the  conductor.  The  sails,  ropes,  spars, 
and  every  article  which  the  lightning  traversed  on  its  way  to 
a  mast,  would  receive  precisely  the  same  extent  of  damage  as 
i£  no  conductor  were  attached  to  it.  And  men  placed  in,  or 
near,  the  track  of  the  lightning-  would  be  as  sure  to  receive  a 
death-blow  as  under  any  other  circumstance  in  which  light- 
ning entered  the  rigging.  Moreover,  as  these  centred  con- 
ductors would  offer  increased  facilities  for  lightning  to  strike 
the  masts,  all  the  evils  usually  attending  oblique  discharges 
through  the  rigging  to  them,  would  necessarily  be  increased 
in  like  proportion. 

206.  lo  whatever  species  of  force  we  may  be  disposed  to 
allude^  the  bursting  of  the  massy  iron  hoops  on  the  main-mast 
of  the  Rodney  (183),  we  are  compelled  to  infer  that  a  similar 
force  operating  on  a  mast  with  its  conductor,  would  be  produc* 
tive  of  similar  effects,  to  a  certain  extent*  If  we  are  to  suppose 
that  the  hoops  were  destroyed  by  the  force  of  a  lateral 
explosion  of  the  first  kind  (193),  then  a  similar  lateral  ex{do- 
sion  between  the  mast  and  its  conductor,  would  shatter  both 
of  them  about  the  place  where  the  lightning  struck  the  mast : 
and  it  is  not  overstepping  the  boundaries  of  electrical  evidence 
to  infer,  that  the  closeness  of  the  conductor  to  the  mast,  would 
be  one  circumstance  at  least,  conducive  to  the  destruction  of 
the  latter.  The  iron  hoops  on  the  main-mast  of  the  Rodney 
were  close  jambed  to  the  wood,  and  situated  under  the  best 
circumstances  to  be  split  open  from  a  sudden  expansive  force 
within.  Upon  the  same  principle  a  conducting  strip  of  cop- 
per, close  jambed  to  the  wood  within  a  groove  in  the  mast, 
might  probably,  not  only  be  burst  asunder,  but  peeled  from 
the  wood  for  many  feet  upwards  and  downwards,  from  the 
point  where  the  lightning  struck  the  mast.  No  circumstance 
could  better  substantiate  the  veracity  of  this  inference  than 
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tlift  folkwriBgi  wUdi  is  so  deidy  described  in  the  accounts 
from  the  Rodney.  ^'  The  copper  binder  round  the  truck  was 
burst  asunder,  a  small  piece  broken  out  of  the  truck,  and  one 
<tf  the  metal  sheaves  for  signal  halyards  slightly  fused.*'  In 
this  case  the  fused  sheave  was  within  the  boundaries  of  the 
**•  copper  bindery**  and  as  it  is  highly  probable  that  the  light* 
ning  was  divided  between  the  two  masses  of  metal^  in  this 
part  of  its  course,  the  force  of  the  lateral  expkxnon  occasioned 
by  that  portioa  oisljj  which  passed  through  the  :dieave,  was 
sufficient  to  burst  asunder  the  exterior  copper  binder.  If  it 
should  be  discovered  that  the  copper  binder  of  the  truck  was 
sufficiently  heated  to  render  it  brittle,  such  circumstance 
would  certainly  fiEtcilitate  the  rupture  of  the  metal;  but  by  no 
means  invalidate  the  inference  I  have  drawn  reelecting  the 
effects  of  the  lateral  force :  whilst  at  the  same  time  it  would 
be  an  additional  ^oof  of  the  astonishing  calorific  eflfects 
which  lightning  is  capable  of  produdng  on  the  best  metallic 
conductors.  The  manner  in  which  the  fragments  of  the  iron 
hoops  were  magnetized,  if  we  consider  the  lightning  to  have 
descended,  wodd  prove  that  it  traversed  the  mast  within  the 
hoops,  and  its  lateral  force  the  cause  of  their  being  torn  asun- 
der (183,  184). 

207.  The  electro-magnetic  efiects  occasioned  by  a  flash  of 
%htning  traversing  conductors  which  pass  thitm^  the  hull 
of  the  vessel  would  oe  exceedingly  injurious  to  the  chronome- 
ters  on  board;  by  magnetizing  every  piece  of  fmruginous 
matter  which  enters  into  their  oonstmction ;  and  thus  de* 
ranging  their  performance  to  an  irrenliediable  extent,  whilst 
those  pieces  remained  in  the  instruments.  Not  only  wc^d 
the  principal  conductor  in  the  mast,  be  productive  of  these 
effects,  but  every  strap,  knee,  and  other  metallic  appendage 
to  that  conductor,  would  communicate  permanent  magnetism 
to  all  those  morsels  of  steel  which  form  so  essential  a  part  to 
those  valuable  horological  instruments.  The  dbronometers 
on  board  the  Beagle,  surveying  ship,  to  whose  safety  Mr. 
Hanris  ascribes  the  instrumentality  of  hb  conductors  ;*  are^ 

*  ^^  The  report  from  the  Beadle  «hows  that  the  conductort  had 
performed  their  office  and  defended  the  ship ;  this,  it  mutt  be  allowed, 
was  of  the  utmost,  perhaps  vital,  importance  to  the  survey  on  which 
she  was  employed  ;  since,  if  the  vessel  had  been  struck  by  lightning, 
it  is  more  than  probable  that  the  many  valuable  chronometers, 
compasses,  and  philosophical  instruments  of  vsirious  kinds,  nec^aary 
to  the  survey,  would  have  heea  seriously  damaged :  the  cabin  set 
apart  for  the  charts  not  being  far  from  the  main  mast.'*  Harris'^ 
State  of  the  Q^eHion  ^c.  Section  E.p.  7. 

The  above  paragraph  weukl  imply  that  the  Beagle  was  ftot  strnck 
by  lightning  :  but  as  Mr.  Harris  hat  daewhere  giren  a  difFerent 
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by  the  circumstance  of  their  not  being  injured,  almost  certain 
evidence  that  the  ship  was  not  struck  by  lightning  at  those 
times  when  the  ^^  hissing  sound  was  heard  on  the  masts*' 
(185).  Had  a  discharge  of  lightning  traversed  the  main- 
mast conductor,  every  chronometer  in  the  cabin  would  have 
suffered  from  its  electro-magnetic  influence ;  and  no  plan  or 
invention  whatever,  excepting  such  as  would  distribute  the 
electric  influence  on  every  side  alike,  could  possibly  prevent 
chronometers  from  being  subject  to  these  magnetic  effects. 

208. .  Mr.  Harris  is  of  opinion  that  the  light  which  appeared 
to  run  down  the  masts  of  the  Dryad  (185,  186),  was  a  decisive 
evidence  of  the  ship  being  ^^  struck  by  lightning  in  the  com- 
mon way,  but  without  the  ordinary  ill  consequences  :'*  and 
says,  '^  the  electrical  agency  seems  to  have  fallen  so  powerfully 
on  the  masts,  that  it  produced  about  them  a  luminous  at- 
mosphere ;  a  phenomenon  not  uncommon  when  large  quanti- 
ties of  electricity  traverse  conducting  bodies,  in  a  heated  or 
rare  state  of  the  air,  such  as  that  usually  found  on  the  coast 
of  Africa."* 

209.  It  is  true  that  rarefied  air,  whether  hot  or  cold,  will 
&cilitate  the  production  of  a  luminous  atmosphere  around  a* 
conductor  carrying  an  electric  discharge ;  but  this  is  not  the 
case  with  unattentiated  air^  though  of  a  high  temperature : 
but  on  the  contrary,  heat  offers  a  decided  resistance  to  the 
display  of  the  phenomenon  and  confines  it  within  narrower 
limits  than  it  would  otherwise  expand  to  and  occupy.  Unless^ 
therefore,  it  can  be  shovm  that  the  barometeric  column  was 
exceedingly  low  indeed  at  the  time  of  the  occurrence,  Mr. 
Hapris's  explanation  is  by  no  means  applicable  to  the  cas^. 
Neither  would  a  luminous  atmosphere,  such  as  Mr.  Harris 
calculates  on,  have  any  resemblance  to  the  phenomenon 
described  by  Captain  Turner :  for  instead  of  its  appearine 
like  liffhtning  running  down  the  mast,  the  phenomenon  would 
have  been  a  momentary  glowing  column  of  electric  light 
We  cannot  produce  anything  like  a  running  light  when  the 
conductors  are  sufficiently  good  and  capacious  to  conceal  the 
motion  of  the  fluid,  though  such  a  phenomenon  may  easily  be 
produced  by  the  employment  of  inferior  conductors. 

210.  I  have  seen  a  globe  of  electrical  light  traverse  the 
surface  of  a  wet  silken  cord^  upwards  of  three  feet  long.   One 

opinion  (186),  it  is  posmble  that  this  passage  was  intended  to  state 
that  those  instruments  would  have  been  damaged  ^  if  the  vessel  had 
been  struck  by  lightning  ^  and  not  famished  with  his  conductors  at 
the  time. 

«  ^  State  of  the  Question  relating  to  the  protection  of  the  British 
Navy  with  Lightning  Conductors." 
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end  of  this  cord  was  tied  to  the  lower  end  of  a  kite  string,  in 
which  a  strand  of  copper  wire  was  laid,  and  the  other  end  was 
tied  to  a  yoang  tree.  Some  non-commissioned  officers  of  the 
Royal  Artillery,  who  were  looking  on,  thought  that  the  elec- 
ttiod  globe  was  about  the  size  of  a  musket  ball.  The  light- 
ning was  very  heavy  at  the  time ;  but  neither  the  kite,  which 
was  only  about  fiftv  yards  high,  nor  the  string,  were  ever 
struck  by  it.  The  hissing  noise  in  the  string  could  be  heard 
at  the  distance  of  a  hundred  yards. 

211.  On  one  occasion,  at  Maidstone,  a  contiguous  stream 
of  dense  sparks  traversed  the  same  silken  cord  when  quite 
dry,  for  sevend  successive  minutes,  whilst  a  cloud  passed  over 
the  kite.  The  string  was  cut,  or  burnt,  at  about  three  hun- 
dred yards  from  the  ground,  and  the  kite  lost :  but  no  light- 
ning was  seen,  nor  thunder  heard,  at  the  time.  More  than 
fifty  persons  witnessed  thb  fact.  We  heard  thunder  at  a 
distance  about  some  ten  minutes  after  the  cloud  had  passed 
over  the  field  where  we  were  experimenting. 

212.  At  Eirby  Lonsdale,  in  the  spring  of  1834,  a  man 
named  William  Croft,  was  severely  struck  by  a  discharge 
from  my  kite  string,  when  no  lightning  was  present.  The 
electric  fluid  discharged  itself  over  a  four- foot  long  stick, 
which  Croft  held  in  lus  hand,  pointing  the  farthest  end  to  the 
string.  A  hail  shower  was  falling  at  the  time.  Several  hail 
showers  fell  the  same  day  from  well  defined  insulated  clouds, 
leaving  the  sky  quite  clear  after  the  transit  of  each.  Long 
dense  sparks  could  always  be  had  at  the  kite  string  on  the 
tq[>proach  of  a  cloud,  and  during  its  transit  over  the  kite :  but 
cnly  very  feeble  electrical  indications  could  be  obtained  when 
the  sky  was  clear  for  some  distance  about  the  kite. 

213.  Under  similar  circumstances,  at  Addiscombe,  I 
bAve  had  rapid  spontaneous  discharges  fix>m  a  two-gallon  jary 
whose  inside  was  connected  with  the  kite  string. 

214.  I  once  received  a  severe  blow  from  a  kite  string; 
whea  no  visible  cloud  was  within  a  mile  of  the  kite,  although 
the  string,  containing  a  wire  its  whole  len^h,  was  uninsulated 
(tied  to  a  tree)  at  the  time,  and  at  the  distance  of  three  feet 
from  the  place  where  I  stood  The  discharge  took  place 
over  a  dry  silken  ribband  with  which  I  was  attempting  to 
lower  the  kite.  I  had  received  several  shocks  before  this 
heavy  blow  which  was  so  severe  on  my  chest,  thigh,  and  shin 
bones,  that  I  was  deterred  bom  taking  down  the  kite,  until 
a  doud,  which  I  observed  to  windward,  had  passed  over  to  a 
great  distance  on  the  leeward  side.  It  was  a  thin  ragged 
cloud,  and  did  not  discharge  any  lightning.  This  &ct 
occurred  in  the  Royal  Artillery  Barrack  field,  at  Woolwich, 
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215.  I  have  been  pcurticular  in  describing  these  fact9v 
because  they  show  that  those  phenomena  which  Mr.  Harris 
considers  as  sure  indications  of  his  conductors  being  struck  by 
lightning  on  board  the  Beagle,  and  Dryad,  are  more  likely  to 
have  been  the  mere  consequences  of  electrical  waves  produced 
by  clouds,  gs  neighbouring  lightning.  Lightning  invariably 
causes  electrical  waves,  but  is  not  absolutely  necessary  to 
their  i»roduction,  nor  to  the  production  of  the  phenomena  in 
question :  and  as  Mr.  Harris  has  not  taken  any  such  factS: 
into  consideration,  they  will  appear  vaote  important  in  this 
discussion :  because  if  he  has  not  been  aware  of  them  before, 
they  may  now  possibly  have  a  tendency  to  give  him  very 
d^Qforent  views  to  those  which  he  has  hitherto  taken  respecting 
the  cau^  of  the  phenomena  which  were  observed  on  board 
the  above  named  two  vessels. 

216.  It  is  highly  honourable  to  Mr.  Harris,  however, 
that  he  has,  in  the  most  liberal  and  open  manner,  given  a 
fair  and  ample  invitation  to  investigate  ^Hhe  state  of  the 
question  relating  to  the  protection  of  th^  British  Navy  from 
lightning"  by  that  system  of  conductors  which  he  has  pro- 
posed.* At  the  {H-esent  crisis,  a  more  important  scientific 
topic  could  not  w<^  be  imagined:  nor  can  there  be  one  which 
has  a  greater  claim  upon  the  serious  consideration  of  every 
experienced  electrician.  I  have  been  induced  to  respond  to 
Mr.  Harris's  solicitation  in  the  hope  that,  from  my  humble 
example,  others,  more  competent  than  myself,  and  with  more 
ample  means  at  their  disposal,  will  be  induced  to  take  up  the 
subject.  I  hope,  however,  that  I  have  succeeded  in  pointing 
out  some  important  truths  which,  previously,  were  either  noC 
known,  or  unaccountably  neglected:  and  that  I  have  been 
enabled  to  place  the  true  character  of  Mr.  Harris's  plan  of 
conductors,  and  the  experiments  intended  for  the  illuslration 
of  their  superiority  over  others,  in  a  much  dearer  point  of 
view  Uian  any  in  whidi  they  have  hitherto  appeared, 

217.  Havii^  no  motive,  beyond  Uiat  of  the  public  good, 
far  introducing  his  conductors  to  t|ie  Navy  in  preference  to 
other  systems,  Mr.  Harris  will  feel  a  gratification  at  his 
solicitations  to  enquiry  being  thus  promptly  and  diligently 
attended  to :  and  that  this  great  question  has  been  feirly  and 
impartially  discussed;  that  mere  speculation  has  been  stu* 

♦  *^  II  is  therefore  further  submitted,  that  Mr,  Harris  may  justly 
claim  to  have  these  circumstances  fairly  considered.  In  seeking 
for  an  enquiry,  he  aims  at  nothing  which  may  not  come  openly  and 
feirly  before  the  country,  without  any  kind  of  reservatioa  whatever.'^ 
Si(Ue  of  the  qa&ation^  ^c.'' 
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dkmsly  avoided ;  and  that  no  inferences  have  been  drawn  but 
8uch  as  either  rest  on  incontrovatible  data,  or  have  ample 
probability  in  their  favour. 


Description  of  a  new  system  of  Lightning  Conductors  for 

Shipping, 

218.     By  the  preceding  investigation  we  are  enabled  to 
understand  that  narrow  strips  of  copper  let  into  the  masts 
aflbrd  but  a  very  partial  protection  to  a  great  part  of  the  rig- 
ging, and  are  liable  to  serious  injury  from  oblique  flashes  of 
lightning  striking  the  masts  (205,  206) ;  and  that^  in  order 
to  prevent  all  hazard  of  leading  destruction  into  the  very 
vitals  of  the  ship,  it  is  more  prudent  to  conduct  the  lightning 
entirely  away  from  the  interior  of  the  hull  than  directly  through 
it :  and  as  clear  from  the  plane  of  the  masts  and  as  exterior 
to  tiie  principal  parts  of  the  rigging  as  circumstances  will  allow. 
Hence,  therefore,  had  the  frequent  hauling  up  of  chfun  or 
other  flexible  conductors  to  tne  masts'  heads  not  been  a 
serious  inconvenience,  those  metallic  chains,  or  ropes,  if  suf*- 
flciently  numerous,  would  probably  have  been  as  secure  a 
poteetion  to  vessels  as  any  that  could  easily  be  devised :  for 
instead  of  permitting  an  oblique  discharge  of  lightning  to 
traverse  a  portion  of  the  rigging  with   the  probability  of 
splintering  a  yard  arm,  or  a  mast  before  it  arrived  at  them, 
they  would,  by  their  exterior  position,  envelop  within  their 
boimdaries,  not  only  the  masts  but  the  principal  rigging  of 
the  vessel,  and  shroud  them  from  the  effects  of  the  discharge: 
and  no  plan  of  protecticm  to  the  masts,  from  a  perpendicular 
discharge  of  lightning,  could  be  more  perfect  than  a  system 
of  ccmtinuous  conductors  hanging  from  the  masts'  heads, 
and  passing  over  the  sides  •  of  the  vessel  into  the  sea.     As, 
however,  the  hauling  up  of  such  systems  of  oonduct<»:8,  and 
the  liability  of  their  being  an  obstruction  to  the  working  of 
the  sails,  &c.,  are  strongly  urged  as  objections  to  their  gene- 
ral use :  and  that  fixed  conductors  are  absolutely  desirable, 
not  only  to  prevent  occupying  the  time  erf  the  men  when 
wanted  for  other  duties  of  the  ship,  but  also  to  be  in  constant 
readiness  to  parry  the  efiects  of  sudden  or  unexpected  electri- 
cal storms, we  should  endeavour  to  employ  all  such  means  as 
are  available  to  accomplish  this  great  object:  and  as  simfdi- 
city  and  security  ought  to  be  Ae  leading  features  of  every 
jdaii,  and  economy  always  kept  in  view,  I  am  not  aware  of 
any  plan  so  likely  to  meet  the  demands  of  the  circumstances 
to  so  great  an  extent  as  the  simple  system  of  oonduotora 
which  I  now  propose  to  describe. 
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219.  Nothing  can  appear  more  simple  than  to  attach 
fixed  conductors  to  the  lower  rigging,  because  the  lower  masts 
are  always  standing  under  every  circumstance  of  weather.  I 
therefore  propose  to  protect  the  lower  masts  and  rigging  by 
cylindrical  rods  of  copper;  four  to  each  mast,  and  situated 
exterior  to  the  shrouds,  having  one  before  each  fore-shroud, 
and  one  aft  each  after-shroud.  The  upper  extremities  of 
these  condnctt^s  to  be  attached  to  the  fore^  main,  and  mizen 
tops,  as  distant  from  the  masts  as  circumstances  will  allow : 
and  in  any  manner  most  secure  and  convenient.  The  lower 
ends  of  these  copper  rods  to  be  fixed  to  the  chains  on  the  out- 
side of  the  fore  and  aft  shroud  of  each  mast :  and  continuea, 
by  broad  and  stout  straps  of  copper,  to  the  copper  sheathing 
of  the  vessel.  By  these  means  both  the  starboard  and  iir- 
board  shrouds  of  every  mast  would  each  be  flanked  by  two 
(Conductors,  which  would  be  always  at  their  posts  ready  to 
receive  any  flash  of  lightning  tending  towards  the  masts,  from 
whichever  side  of  the  ship  it  might  approach.  As  these  con- 
ductors might  be  made  to  extend  to  some  distance /ore  and 
aft  of  their  respective  shrouds,  without  obstructing  the  working 
of  the  lower  sails,  they  would  form  an  alinement  on  both  sides 
of  the  vessel  so  as  to  protect  each  other's  masts  as  well  as 
their  own.  To  prevent  lightning  from  entering  the  fewer 
rigging  from  ahead,  I  propose  a  conductor  on  each  mde  of  the 
fore-stay,  their  upper  ends  to  be  united  with  the  conductors  of 
the  foremast,  and  their  lower  ends  with  the  sea  in  the  most 
convenient  way.  The  whole  of  these  conductors  would  be  as 
permanent,  and  as  unobstructive  to  the  working  of  the  vessel, 
as  any  part  of  the  standing  rigging ;  and,  with  the  exception 
of  the  after  part,  would  so  completely  enshield  the  lower 
rigging,  as  to  parry  any  flash  of  lightning  tending  towards  it. 
Inelower  vara  arms  would  however  still  be  unprotected,  though 
not  so  liable  to  receive  injury  from  without,  as  by  Mr.  Harris's 
system;  because,  in  every  position,  they  would  be  near  to 
some  of  the  conductors,  which  would  relieve  them  of  any  dis- 
charge they  might  receive  before  it  arrived  at  the  mast.  Yard . 
arms  would  be  very  easily  protected  by  flexible  conductors 
uniting  them  with  those  which  are  permanently  fixed.  By 
such  a  simple  system  of  conductors  the  whole  of  the  lower, 
rigging  woidd  be  as  completely  protected  from  lightning  as 
any  system  of  fixed  conductors  are  ever  likely  to  protect  it : 
and  certainly  without  the  slightest  chance  of  iniury  to  the 
lower  masts  or  to  the  hull  of  the  vessel.  For  though  there 
were  no  conductors  in  the  upper  rigging,  and  that  liffhtning 
were  to  strike  an  upper  mast,  it  would  do  no  injury  bdow  the 
lower  mast  head ;  as  it  would  there  enter  the  system  of  con- 
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doctors^  which  would  convey  it  over  the  edges  of  the  vessel  to 
the  sea. 

220^    The  topmasts  and  rigging  are  easily  protected  by  a 
system  of  conductors  similar  to  those  already  described  for 
the  lower  rigging,  and  may  remain  permanently  fixed  as  long 
as  the  topmasts  are  standing.    They  may  consist  either^^of 
inflexible  rods  or  of  flexible  metallic  ropes  of  sufficient  dimen-  - 
sions,  four  to  each  topmast.    The  lower  extremities  of  these 
conductors  are  to  be  united  with  the  upper  extremities  of  the 
lower  ones;  and  their  upper  extremities  to  the  cross-trees. 
The  upper  and  lower  systems  of  conductors  may  be  so  con- 
tinuoiuuy  united,  by  the  former  sliding  on  the  latter,  as  to 
present  no  inconvenience  whatever,  even  under  circumstances 
necessary  to  strike  or  to  remove  the  topmast     By  these  sys- 
toms  of  conductors  every  part  of  the  ship,  below  the  topmasts' 
heads,  would  be  well  guarded;  and  without  the  slightest  risk 
of  danger  from  the  presence  of  the  conductor ;  and  as  light- 
ning but  seldom  strikes  the  rigging  higher  than  the  cross- 
trees,  it  would  not  be  of  much  consequence  to  carry  Uie  con- 
ductors higher  up.     Oblique  flashes  of  lightning  which  might, 
otherwise  strike  the  top-gallant  mast,  would  be  directed  to  the 
tO[»nast  head  when  furnished  with  these  conductors. 

221.  As,  however,  every  chance  of  danger  to  the  men, 
and  every  species  of  damage  to  the  vessel  ought  strictly  to 
be  avoided  as  far  as  practicability  will  admit,  it  still  appears 
desirable  to  furnish  the  top-gallant  rigging  with  conductors : 
and  perhaps  those  which  would  give  the  least  trouble  to  the 
men,  would  be  strips  of  coiq)er  let  into  proves  in  the  masts, 
according  to  the  plan  proposed  by  Mr.  Harris;  but  instead 
of  one  strip  only  to  each  mast,  I  should  propose  three  in  each^ 
at  equal  d»tances  from  each  other ;  which,  by  having  an  ex- 
posure of  metal  on  every  side,  would  be  a  greater  security  to 
the  mast  than  by  its  having  one  strip  only.  These  strips  of 
copper  need  only  be  narrow,  and  of  moderate  thickness ;  as 
they  would  be  made  to  act  in  concert  by  uniting  them  at,  or 
near  to,  the  truck,  with  a  copper  band.  A  similar  band 
would  unite  them  at  the  lower  end  of  the  mast.  Precautions 
similar  to  those  so  admirably  contrived  by  Mr.  Harris,  for 
maintaining  metallic  contact  between  the  top-gallant  conduc- 
tors and  the  system  next  below,  must,  necessarily,  be  attended^ 
to.  The  strips  of  copper  should  be  continued  to  the  vane 
spindle. 

222.  Four  cvlindrical  copper  rods,  or  four  flexible  metallic 
rq;>es,  stretched  from  the  cross-trees  to  the  truck,  parallel  to. 
the  top-gallant  shrouds,  would  afibrd  a  much  better  protection 
to  the  top-gallant  rigging,  than  any  conductors  let  into  the 
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mast.     Flexible  conductors  would  be  as  easily  set  up,  at 
taken  down,  as  the  shrouds  themselves. 

223.  The  bowsprit  would  be  very  well  protected  by  the 
conductors  accompanying  the  fore  stay  (219)^  they  being  ocm- 
tinued  on  each  side  near  its  lower  sur&ce^  to  the  sheathing  at 
the  bows ;  and  the  jib-boom  would  be  protected  by  three 
copper  ropes,  or  chains,  reaching  from  its  extremity  to  the 
conductors  of  the  bowsprit.  The  jib-boom,  however,  being 
so  little  liable  to  be  struck  by  lightning,  presents  no  very 
strong  claims  to  attention. 

224.  Let  fig.  8,  Plate  IV,  represent  a  transverse  section 
of  a  vessel  through  the  plane  of  a  mast.  Then  the  lines  c  c, 
c  c,  will  represent  the  conductors  on  the  (rfter^ide  of  lower 
shrouds ;  and  the  inner  lines  c'  c'  and  c'  c'  the  conductors  on 
^^  fore-side  of  the  lower  shrouds.  The  lin^s  1 1  and  1 1  will 
represent  the  conductors  on  the  after-side  of  the  topmast 
shrouds ;  and  the  lines  t'  t'  and  t'  t'  will  represent  the  con- 
ductors on  ihefore-side  of  the  topmast  shrouds.  The  con- 
ductors of  the  top-gallant  masts  are  too  easily  understood  to 
need  further  illustration. 

225.  Having  thus  described  a  system  of  marine  conduc- 
tors which,  to  me  at  least,  appear  more  efficient  and  less  ob- 
jectionable than  any  other  hitherto  o£kred  to  public  notice  ; 
the  next  consideration  would  be  the  expense  of  equipment : 
which  1  will  compare  with  the  expense  of  equipment  by  Mr. 
Harris's  plan.  The  following  official  document,  which  is 
copied  from  Mr.  Harris's  pamphlet,  is  highly  valuable  on 
this  point ;  coming  from  the  best  authority  it  furnishes  un- 
exceptionable data. 


226.  Documents  relating  to  expense. 

The  followm^  are  extracts  from  a  report  by  a  gentleman  who 
IS  8^t  from  his  majesty's  dockyard  at  Chatham^  by  order  of  the 
commissioners  of  the  navy,  to  estimate  and  inspect  the  work ;  and 
who,  being  a  naval  engineer,  and  otherwise  a  person  of  great  in- 
telligence, was  considered  by  them  equal  to  the  task. 

"  His  Majesty's  Dockyard,  Chatham,  JToly  9, 1884.'* 

*^  Sir, — In  obedience  to  instructions  received  from  the  principal 
officers  of  this  yard,  in  conformity  with  your  official  communication' 
of  the  1st  instant,  I  herewith  enclose  a  statement  (in  a  condensed  fbrnfi) 
of  what  would  be  the  expense,  in  labour  and  materials,  of  applying 
Mr.  Harris's  lightning  conductors  to  each  class  of  ships,  supposing 
them  fitted  at  the  most  eligible  time.  I  have  likewise  ventured  to 
append  a  few  cursory  remarks,  which  seemed  necestary  in  order  to 
afford  a  criterion  of  what  may  probably  be  the  vkimote  expense  Id 
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tbe  public,  in  the  event  (^  the  plrnn  bein^  ^nerally  adopted  in  the 
service.  With  this  view,  1  be^  further  to  transmit  schemes  of 
prices  for  labour^  for  different  artificers  employed  on  tbe  work, 
upon  which  it  should  be  added  tbe  accompanymg  estimate  has  been 
made.** 

'^  I  hare  the  honour  to  be.  Ac,  Sic^ 

W.M.RICE." 
«  To  G.  J.  Smith,  Esq.,  Secretary  of  H.M.  Navy,  &c'' 

Mr.  Rice  then  proceeds  to  ^ive  a  complete  table  of  particulars  in 
the  fitting  each  part  of  a  ship,  according  to  the  plan  above  men- 
tioned, the  whole  of  which  it  is  not  necessary  to  detail  here.  It 
will  be  sufficient  to  state  the  general  results  as  they  appear  in  the 
last  columns  of  his  table. 

TABLE  5. 


1 

Clau  of  Ships. 

Total  of  Masti  and  Hull. 

LiOKMir.  &c 

RecoQvertible 
Copper  Materiak. 

£.       B.       d. 

£.          8.        d. 

120  gww 

60     18    0 

306      12      2 

84  \. 

56     18    0 

292      19     11 

74     .. 

54     17    0 

263        2      3 

50     .. 

50-    16    0 

235       17      3 

4«     .. 

45     15    0 

190      16      4 

28     .. 

38     14    0 

123      13      3 

18     .. 

29     12    6 

89      14      8 

10    .. 

24     10    0 

77       16      9 

83.    Upon  this  report  Mr  Rice  offers  the  following  remarks:— 

^  This  estimate  is  grounded  on  the  supposition  that  Mr.  Harris's 
plan  be  applied  to  ships  at  the  roost  eligible  time,  viz :  during  the 
progress  of  building  or  repairing,  when  the  essential  or  original 
msteninrs  of  the  hull  may  be  made  to  subserve  as  conductors : 
much  d^ay  will  be  thus  prevented,  and  many  contingent  expenses 
saved" 

^^  As  the  prompt  execution  of  work  much  depends  upon  ^e  &ci. 
lities  afforded  to  the  workmen,  1  beg,  without  further  recapitula- 
tion,  to  refer  particularly  to  the  arrangements  proposed  in  the 
letters  and  drawings  which  I  had  the  honour,  on  a  former  occasion, 
to  submit  for  the  consideration  of  the  commissioners  of  his  majesty's 
navy ;  humbly  conceiving  that  they  will  greatly  assist  the  desira« 
ble  object  contemplated  by  Mr.  Harris,  inasmuch,  as  by  adopting 
them,  the  practical  process  will  be  greatly  simplified,  and  the 
general  introduction  of  the  plan  much  tacilitated." 

'^  It  may  be  proper  to  make  a  few  observations  on  the  subject  of 
expense.  Referring  to  the  accompanying  condensed  statement,  the 
last  column  hvi  one  denotes  the  money  ahsohtteh  sunk  upon  the  first 
ship  of  each  class  fitted  with  lightning  conductors,  and  ihe  last 
column^  the  outlay  upon  reconvetiible  materialsj  which  must  be 
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viewed  as  other  articles  of  a  ship^s  iiimiture  for  the  protection  of 
livefc  and  property,  such  as  HfMuayn^  &c.  &c.,  with  due  allowance 
for  wear  and  tear.  In  taking,  therefore,  a  prospective  view  of  the 
expense,  very  considerable  abatement  will  be  made  upon  the  first 
cost  by  return  of  copper  into  store,  which  it  is  presumed  will  have 
suffered  very  little  deterioration  after  manv  years'  service ;  more*f 
over,  the  straps  over  the  heads  and  heels  of  masts,  nuts,  and  screws, 
vanes,  and  vane-spindles,  and  the  branch  conauctors  under  the 
beams,  when  removed  from  any  ship,  may  all  be  placed  in  store,  to 
be  again  replaced  in  other  ships  of  the  same  class;  the  plates  tasen 
out  of  masts  may  probably  be  made  serviceable  by  redressing,  or, 
at  most,  will  only  suffer  a  loss  at  the  rate  of  one  penny  per  pound 
for  remanufacturing :  the  plates  removed  from  ships'  hulk  may 
certainly  serve  for  many  ships  successively.  Hence,  should  the 
plan  be  generally  adopted,  the  amount  of  labour  will  be  much  re- 
duced by  the  appropriation  of  serviceable  articles  to  several  ships, 
so  that  tne  loss  alone  upon  the  material  must  not  he  charged  again 
upon  a  second  or  third  ship." 

^^  The  absolute  expense  to  the  public  is  really  the  aggregate  of 
the  amount  of  labour,  &c.,  as  money  sunk,  with  interest,  togeUier 
with  the  interest  upon  the  first  cost  for  copper  for  a  ffiven  time. 
It  would  be  difficult  to  assip  any  scale  of  per  centage  for  the  pro- 
tection of  ships  by  lightnm^  conductors;  but,  in  order  to  lonn 
some  notion,  within  certain  hmitations,  let  the  value  of  a  first-rate, 
when  fully  equipped,  be  assumed  in  round  numbers  as  worth 
jg  11 0,000,  the  value  of  property  simply  considered,  neglectmgthe 
consideration  of  lives,  and  tne  dangers  and  disasters  arismg  firom  a 
disabled  ship,  and  taking  the  average  of  five  years'  run  only  upon 
the  principal  and  interest,  the  annual  premium  would  be  less  tnan 
J^SO.,  making  the  per  centage  under  sixpence  halfpenny. ^^ 

''  If  we  extend  the  term  of  years,  the  aliquot  part  of  the  money 
sunk  will  of  course  be  less,  and  therefore  the  per  centage  will  be 
reduced  in  like  proportion ;  but,  if  this  view  of  the  expense  be 
carried  forward  to  a  second,  or  a  third  ship,  the  money  swik  will  be 
very  considerably  less,  on  account  of  the  diminution  of  labour,  &c., 
whilst  the  term  of  years  is  still  fiirther  increased ;  and  therefore  the 
premiwn  or  per  centage.  vxmld  be  ultimatdy  trifling,^* 

*^  (Signed)  W.M.RICE.'' 

'<  Chatham  Yard,  July  9th  1831.** 


227.    Mr.  Harris  has  given  the  following  dimensions  of 
his  conductors  for  '^  one  mast  of  a  frigate  of  fifty  gons.''* 

Lragth.  Mean  Width.    Cubic  IncbM. 

On  the  Royal  Pole  ....  18ft;.  Sin.  2in.  82 

On  the  Top-gallant  Mast.  17  0  25  95 

On  the  Topmast 50  0  4  450 

On  the  Lower  Mast    ...  93  0  6  1255 

Total  cqpper  1882 
♦  Nautical  Magazine  for  November  1837. 
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228.  By  taking  the  specific  gravity  of  copper  at  9000 ; 
the  weight  of  1882  cubic  inches  will  be  6l3tb  nearly ;  which, 
at  one shillingper  pound  (and  it  may  be  had  at  a  lower  price), 
would  cost  £30.  13s.  This  average  for  each  mast,  would 
give  £92.  nearly :  the  cost  for  copper  on  the  the  three  masts 
of  a  fiflty-gun  fi^gate. 

By  referring  to  Mr.  Rice's  estimate  for  a  similar  fifty-gun 
ship,  we  find  that  the  copper  alone,  costs  nearly  £236.  Then 
236— :92=:£144,  is  the  cost  of  the  appendages,  mostly  below 
deck,  to  Mr«  Harris's  conductors. 

There  is  still,  however,  another  consideration  in  these  esti- 
mates. Mr.  Harris's  conductors  {Hroceed  to  the  bottoms  of 
the  masts,  and  are  the  broadest  below  deck ;  therefore  the 
quantity  of  copper  aboce  deck,  in  each  mast,  is  consid^ably 
fess  than  1882  cubic  inches :  and  its  cost  proportionably  less 
than  £30.  I3s. 

229.  Now  the  quantity  of  copper  on  the  lower  mast  is 
about  two-thirds  of  the  whole  (227) ;  and  by  allowing  about 
one-third  of  that  on  the  lower  masts  to  be  bdow  deck,  we 
have  (2x92)-r-9=:£20.  9s.  for  the  cost  of  the  copper  in  the 
masts  below  deck.  Rejecting  the  nine  shiDings,  we  have 
92 — 20=:£72.  for  the  cost  of  that  portion  of  the  copper  con- 
ductors  which  are  above  deck. 

-  230.  Now  this  seventy-two  pounds-worth  of  copper  (229) 
is,  of  course,  supposed  by  Mr.  Harris,  to  conduct  lightning 
safely  to  the  deck.  Then,  as  my  system  of  conductors,  on 
each  mast,  would  act  in  concert  as  decidedly  as  if  in  one  piece 
of  metal ;  they,  with  the  scone  quantity  of  copper,  would 
stand  the  same  chance  of  being  efficient  to  the  chains  as  Mr. 
Harris's  to  the  deck  :  and  consequently,  the  cost  of  the  metal 
for  my  conductors,  would  be  £72.  with  the  additional  cost  of 
about  £15.  for  the  fore-stay  conductors,  and  fastenings  to  the 
whole. 

231.  The  quantity  of  copper  above  deck  in  Mr.  Harris's 
system,  does  not  appear  to  me  to  be  sufficient,  requiring  at 
least  one-half  more.  Hence  the  cost  of  the  copper  for  the 
equipment  of  a  50-gun  frigate,  with  my  system  of  conductors, 
would  be  £130.,  calculating  it  at  the  rate  of  one  shilling  per 
pound,  which  is,  perhaps,  about  one  sixth  too  much ;  and 
consequently,  the  material  for  Mr.  Harris's  system,  would 
cost  more  them  double  the  sum  required  for  mine. 

232.  The  next  thing  to  be  considered  is  the  expense  of 
workmanship ;  which,  for  my  system,  could  not  possibly  ex- 
ceed £20.:  which,  being  deoucted  firom  Mr.  Rice's  estimate 
of  £50.  16s.^  would  leave  a  saving  of  £30.  16s.  But  Mr. 
Rice's  estimate  is  '^  grounded  on  the  supposition  that  Mr. 
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Httris's  plan  be  applied  to  ships  at  the  most'eligible  time, 
viz.,  during  the  progress  of  building  or  repairing  &c"  (226); 
and,  consequently,  applicable  under  those  circumstances  only. 
Under  all  other  circumstances,  the  expense  would  be  enor- 
mous c  the  ship  having  to  be  completely  dismantled  above 
deck,  and  the  lower  masts  taken  out  and  removed  from  her. 
It  appears  therefore,  from  the  whole>  that  under  the  best  cir- 
cumstances in  which  Mr.  Harris's  conductors  could  be  applied 
to  a  dO-gun  frigate  the  expense  would  be  £286.  I3s.  To 
equip  a  similar  vessel  with  the  system  which  I  have  proposed 
would  never  exceed  £150.,  reckoning!  the  copper  at  one 
shilling  per  pound.  At  tenpence  per  pound  the  expense 
would  be  £128.  Taking  the  mean  of  these  prices,  the  ex- 
pense of  the  two  plans  would  stand  as  below. 

Harris's  system  ......  £286. 

Sturgeon's  ditto    £139. 

Difference  ..  £147. 
For  a  120-gun  ship  the  difierence 
would  be  nearly    £200. 

233.  The  time  necessary  to  equip  any  ship  with  Mr.  Har- 
ris's system  of  conductors,  would  be  ten  times  that  necessary  to 
equip  a  similar  ship  with  the  conductors  which  I  have  pro- 
posed. Moreover,  the  latter  system  could  be  fitted  to  any  ship, 
on  any  station  or  on  any  service,  either  at  sea  or  in  harbour. 
I  do  not,  however,  advocate  the  cause  of  economy  as  a  primary 
object;  as  the  only  gratification  which  I  can  experience  must 
emanate  from  a  consciousness  of  having  made  a  proper  appli- 
cation of  the  principles  of  science  to  the  protection  and 
welfare  of  my  fellow  men. 
Westmoreland  Cottage^  Pomeroy  St,, 

Old  Kent  Road,  London.  Sept.  8th,  1839. 


P.S.  The  readers  of  the  Annals  will  perceive  that  this  is 
not  the  precise  subject  intended  to  form  the  fourth  memoir. 
The  subjects  are  similar,  and  this  being  the  more  important 
one  I  have  given  it  the  precedency.  W.  S. 


WcRtmorland  G>ttage,  Pomeroy  Street, 

Old  Kent  Road,  London,  Sept  12th,  1839. 

My  dear  Sir, 

You  are  well  aware  that  the  subject  of  electricity  has  for  a  long 

seiies  of  years,  occupied  a  great  deal  of  my  attention :  and  martM 

ligktnimg  otmductors  have  been  amongst  my  most  careful  studies, 
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tbougk  I  hsre  not  pttblisbed  any  of  m  j  ideas  respectmg  them  till 
very  lately.  The  now  apparent  intention  of  introducini^  ypur 
system  of  conductors  into  tne  navy  has  iaduced  me.  however,  to 
arrange  the  results  of  my  investigations  on  this  topic  m  a  somewhat 
regular  order,  and  as  I  was  aware  of  your  bein^  at  the  Birmingham 
Meeting  of  the  British  Association,  I  was  desirous  of  bringing  my 
views  to  light  under  circumstances  which  would  give  you  the  best 
possible  opportunity  of  correcting  any  errors  which,  by  possibility,  I 
might  have  happened  to  have  fidlen  into.  My  paper  would  not 
reach  Birmingham  till  Thursday  evening,  the  S9th  ult  but  as  you 
were  on  the  committee,  1  have  no  doubt  of  its  being  immediately 
placed  in  your  hands,  and  in  sufficient  time  to  peruse  it,  before  it 
would  be  read. 

You  will  have  perceived  that  the  results  of  my  investigation  are  not 
fevourable  to  your  plan:  they  point  to  several  objections  which  you 
do  not  seem  to  have  been  aware  of,  which,  as  they  are  plamly 
described  in  the  memoir,  do  not  require  to  be  particularized  in  this 
place.  If  I  have  fallen  into  any  error  respecting  the  probable 
effects  of  lightning  through  the  instrumentality  of  your  conductors, 
it  is  in  consequence  of  the  supposition  of  the  mizen  conductor  pas- 
sing through  the  powder  magazine.  Although  I  have  great 
auUiority  on  that  pomt:  yet  as  you  have  ample  means  of  avoiding 
so  dangerous  a  situation,  I  would  not  urge  that  objection ;  though 
I  cannot  find  any  data  to  conduct  my  reasonings  to  any  other 
eonchinon  than  that,  danger  is  alvocnfs  to  he  apprehended  from  lighu 
img  hevna  led  into  the  hooAf  of  ike  ship^  not  only  fix>m  the  calorific 
efiects  of  die  main  disekaige  alone,  but  from  the  effects  of  the  lateral 
cfischarges,  which  your  system  of  conductors  does  not  provide 
against. 

Truth^  and  the  welfare  of  our  fellow  men,  beine  the  only  motives 
which  either  you  or  I  can  have  in  this  undertaking.  I  have  been 
particularly  desirous  that  the  results  of  my  enquiries  snould  appear 
in  the  most  prominent  and  simple  form;  and  I  think  you  wil| 
acknowledge  with  pleasure  that  the  candid  and  open  manner  in 
which  T  have  fireely  discussed  every  point,  can  lead  no  one  into  error 
respecting  the  inferences  1  have  drawn. 

The  subject  is  of  such  paramount  importance  to  every  maritimcT 
country,  and  requires  such  general  attention  and  rigorous  investiga-* 
tion,  that  I  mean  to  submit  the  substance  of  my  memoir  to  the  con* 
sideration  of  the  principal  scientific  bodies  in  Europe  and  America, 
in  order  that  the  subject  may  be  fully  sifled  and  clearly  and  satis- 
fectorily  explained  by  the  ablest  electricians  which  the  world  can  at 
this  time  produce.  1  shall  publish  it  entire  in  the  October  number 
of  the  "Annals  of  Electricity  &c."  and  shall  feel  much  pleasure  in 
publishing  any  remarks  you  may  wish  to  accompany  it,  either  in 
ravour  ofyour  own  conrfactors,  or  any  you  wish  to  make  on  that 
system  which  I  have  proposed. 

I  am,  my  dear  Sir, 

Yours  very  truly, 

W.  STURGEON. 
To  W.  Snow  Harris,  Esq. 
&c.  &c.  &c. 
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XVII.  Memoir  on  the  employment  of  the  oxy-hydrogen  gas 
in  its  applications  to  the  purposes  of  Chemistry  and  the 
ArtSy  by  means  of  the  Silex:  safety  Blotvpipe,  an  instru- 
ment adapted  to  the  perfectly  secure  combustion  of  ex- 
plosive  gaseous  mixtures  in  any  continuous  quantity,  and 
with  Jets  of  extraordinary  dimensions.  By  W.  H. 
Wkekes,  Esq.,*  Surgeon,  Lecturer  on  Philosophical  and 
Operative  Chemistry,  8fc.  8fc.  Sfc. 

Fertile  in  expedient  and  powerful  in  agency  as  the  com- 
bined efforts  of  genius  have  contributed  to  render  modem 
chemistry,  it  may,  perhaps,  be  fairly  doubted,  when  we  except 
the  mighty  voltaic  arrangements  wnich  enabled  our  celebrated 
Davy  to  decompose  the  alkalies  and  elucidate  the  basis  of  the 
earths,  if,  in  the  appliances  of  this  almost  universal  science, 
we  can  rank  one  superior,  or  even  e^ual  in  its  genen^l  opera- 
tion, to  that  which  uniformly  obtains  from  the  use  of  the 
oxyhydrogen  blowpipe,  when  its  operations  are  guaranteed  by 
safety,  and  its  management  is  skilmlly  directed.  Our  present 
purpose  is  not  designed  to  trace  the  history  and  progress  of 
this  astonishing  instrument,  which,  in  the  hands  of  our  che- 
mists of  the  nineteenth  century,  and  with  the  several  improve- 
ments it  has  gradually  received,  exhibits  such  small  comparison 
with  its  ancient  form  of  construction  and  degree  of  effect,  as 
scarcely  to  be  recognized  as  belonging  to  the  same  class  of 
philosophical  i^paratus.  The  daring  essays,  however,  which 
have  paved  the  way  to  this  most  impcntant  chan«^e,  have  too 
frequently  been  marked  by  the  occurrence  of  alarming  and 
serious  accidents  to  the  enterprising  experimentalists,  while 
engaged  in  their  researches  with  those  tremendous  agents,  the 
**mixed  gases,"  as  they  have  usually  been  denominated.  Fore- 
most in  this  little  phalanx  of  bold  and  ingenious  master  spirits 
Appears  the  honoured  name  of  Dr.  E.  D.  Clarke,  whose  thirst 
for  chemical  and  mineralogical  knowledge  led  him,  while  thus 
engaged,  repeatedly  to  the  detriment  of  his  health  and  the 
imminent  hazard  of  his  life.  Many  persons  as  well  as  myself, 
I  doubt  not,  will  recollect  an  engraved  representation  of  the 
Doctor's  blowpipe,  placed  on  one  side  of  a  thick  deal  wall  or 
screen,  with  the  jet  pipe  (the  orifice  of  which  seldom  exceeded 
one  fortieth  of  an  inch  in  diameter)  passing  through  thfi  said 
wall  into  an  adjoining  apartment,  where  the  operator  directed 
its  action  in  comparative  security.  Prudent  and  even  neces- 
sary as  this  precaution  must  have  been  originally,  future 
chemists  will  probably  view  the  engraving  to  which  I  have 

*  Communicated  by  the  Author. 
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alluded  with  a  smile  combined  with  feelings  of  wonder  and 
congratulation  at  the  march  of  scientific  acquirement.  The 
extremely  hazardous  character  of  Dr.  Clarke's  blovrpipe,  yet 
notwithstanding  his  brilliant  experiments  and  discoveries 
therewith,  speedily  turned  the  attention  of  eminent  scientific 
chemists  to  its  adoption  and  improvement.  It  would  be  not 
only  tedious^  but,  at  this  day,  equally  unnecessary  to  recapitu- 
late all  the  ingenious  expedients  which  have  in  turn  been  ren- 
dered available,  with  various  degrees  of  success^  for  the  pur- 
pose of  guarding  against  and  subduing  the  explosive  properties 
of  oxyhydrogeh  gas  in  its  applications  as  an  agent  of  chemical 
research.  Our  brief  consideration  of  the  principal  methods 
hitherto  in  use,  may  be  reduced  mainly  under  two  heads. 
First,  the  employment  of  separate  reservoirs  to  contain  the 
respective  gases  (subject  to  condensation  or  otherwise)  which 
are  made  to  unite  in,  as  near  as  possible,  the  component  pro- 
portion for  forming  water,  immediately  previous  to  their  exit 
from  the  extremity  of  the  jet  pipe  and  their  consequent  igni- 
tion. This  method  has  doubtless  the  merit  of  perfect  security, 
but,  though  I  have  devoted  no  small  share  of  attention  to  ex- 
periments of  this  description  during  the  last  twenty  years,  I 
have  never  been  able  to  obtain  upon  this  principle  so  great  or 
so  uniform  degree  of  heat,  as  when  I  have  employed  the  gases 
in  a  state  of  previous  admixture ;  nor  does  it  appear  practicable 
thus  to  unite  them,  however  ingenious  the  means,  with  suffi- 
cient accuracy  to  ensure  the  fullest  efiect  to  which  they  are 
competent  when  burnt  from  a  single  gas  holder.  The  second 
class  of  securities  to  which  I  have  alluded  embraces  the  obiect 
of  combining  the  gases  in  due  proportion,  previously  to  their 
being  conveyed  into  the  blowpipe,  and  then  preventing  a  retro- 
cession of  the  oxyhydrogen  flame,  by  the  interposition  of  a 
safety  medium.  Now  it  is  a  well  known  fact  among  chemists 
that  this  gas  will  not  inflame  below  a  certain  degree  of  tempe- 
rature; the  heat  yielded  by  a  piece  of  common  touchwood  in 
a  state  of  glowing  ignition,  for  instance,  will  not  set  fire  to  a 
stream  of  this  gas,  unless  the  wood  can  first  be  excited  into  a 
flame;  therefore  whatever  substance  will  allow  of  the  free 
passage  of  the  gas  through  its  interstices,  yet  at  the  same 
time  invariably  reduce  the  temperature  of  the  burning  jet 
below  the  ordinary  point  at  which  its  combustion  obtains,  will 
necessarily  preclude  its  return  in  an  ignited  state  to  the  gas 
reservoir,  and  thus  constitute  a  security  against  all  explosions. 
To  accomplish  this  desideratum,  series  of  wire  gauze,  tubes 
charged  with  iron  or  steel  filings,  and,  above  all,  a  congeries 
of  small  wires  wedded  longitudinally  into  a  brass  tube,  have 
repeatedly  been  adopted.     I  may  permit  myself  to  re^nark. 
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and  it  trill  certainly  be  without  a  shadow  of  invidious  feeling, 
that  several  years  prior  to  these  several  modes  becoming 
public*  they  had  a  fair  trial  in  the  course  of  my  own  experi- 
ments, but  in  my  hands  they  were  not  invariably  successful  in 
preventing  explosions.  With  the  congeries  of  longitudinal 
wires, for  a  time, all  went  on  well;  but  if  by  any  chance  moisture 
found  its  way  among  them,  or  they  became  oxidated,  a  con- 
sequence which  assuredly  followed  by  frequent  use,  then  the 
certain  finale  was  a  ^'  blow  up,''  and  the  dispersion  of  my 
apparatus  in  fragments  throughout  the  laboratory. 

Now,  as  all  projectors  and  inventors  doubtless  feel  a  much 
greater  degree  of  confidence  in  their  own  schemes  than  can 
be  immediately  appreciated  by  other  people,  I  shall  forbear  to 
expatiate  on  what  I  conceive  to  be  the  merits  of  an  apparatus 
about  to  be  submitted  to  intelligent  and  unbiassed  men  of 
science  ;  contenting  myself  with  simply  remarking  that  I  have 
successfully  employed  it  during  many  years  past  and  in  some 
thousands  of  instances.  Its  security  I  have  found  eU^soliUe, 
and  its  powers  such  as  I  would  rather  leave  to  be  decided  by 
experience  than  resting  on  my  own  asserticm. 


Description  of  the  Silex-sa/ety  Blowpipe, 

Fig.  1,  Plate  V,  represents  a  central  perpendicular  sec- 
tion of  the  instrument  and  its  immediate  appendages,  the 
precise  nature  of  which,  I  think,  may  be  rendered  perfectly 
intelligible  without  the  aid  of  letters  of  reference,  provided 
the  reader  will  place  the  figure  before  him  while  he  peruses 
the  subjoined  particulars.  The  body  of  the  apparatus  con- 
sists of  a  cylindrical  vessel,  eleven  inches  in  height  and  four 
and  a  half  in  diameter,  formed  from  sheet  copper  about  one- 
sixteenth  of  an  inch  in  thickness,  and  is  firmly  supported  by 
a  circular  foot  or  base  of  the  same  material,  projecting  to  the 
extent  of  one  and  a  quarter  inch  from  the  perpendicular  line 
of  the  cylindrical  vessel,  the  bottom  whereof  terminates  the 
horizontal  plane  from  whence  the  projecting  base  commences. 
The  top  of  the  instrument,  or  superior  circular  disc  of  the 
cylinder  supporting  the  tubular  appendages  to  be  next  des- 
cribed, is  not  permanently  soldered  mto  its  place,  but  is  pro- 
vided with  a  rim  which  descends  within  side  of  the  cylinder 
to  the  depth  of  three-eighths  of  an  inch ;  and,  by  accurate 
grinding  of  the  two  surfaces  in  contact,  is  made  to  fit  air-tight^ 
or  may  be  easily  so  rendered  by  the  occasional  use  of  any  of 
the  cements  which  become  liquid  at  a  low  temperature. 
This  arrangement  is  found  advantageous,  as,  by  the  application 
of  a  spirit  lamp  flame  for  the  space  of  a  few  seconc^,  the  top 
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of  the  instrument  may  be  removed  and  replaced  with  facility> 
and  thus  give  free  access  to  the  interior  works  of  the  cylinder^ 
thoagh  sach  approach  can  rarely  be  required.  Consecutively 
with  each  other  in  a  line  drawn  across  the  centre  of  the  cop- 
per disc  forming  the  top  of  the  instrument^  and  with  their 
lower  rims  permanently  soldered  therein,  arise  the  three 
brass  tubes  seen  in  the  sectional  figure,  surrounded  concentri- 
cally at  their  respective  bases  by  a  second  piece  of  tube  which 
has  the  efiect  of  rendering  them  severally  secure  and  firm  in 
their  required  positions.  We  will  explain  the  object  of  each 
in  succession,  beginning  with  the  one  most  conspicuous  on 
the  right  hand.  I'his  tube  is  two  and  three  quarter  inches 
in  height,  and  one  inch  and  a  quarter  in  diameter,  furnished 
at  the  top  with  tf  miUed-edge  screw  cap  and  a  collar  of  leather 
for  the  purpose  of  closing  it  air-tight.  From  the  side  of  this 
upright  tube  projects  a  second,  three-fourths  of  an  inch  in 
fength,  and  at  right  angles  with  the  first,  containing  the 
socket  which  receives  the  screw  of  the  accompanying  stop- 
eock ;  the  opposite  end  of  the  latter  being  in  like  manner 
attached  to  the  base  at  commenoement  of  the  annexed  safety- 
tube,  three  inches  in  length,  and  seven-eighths  of  an  inch  in 
diameter,  from  the  right  hand  end  whereof  proceeds,  to  the 
distance  of  five-eighths  of  an  inch,  a  stout  brass  projection 
properiy  perforated  and  communicating  with  the  main  tube, 
and  into  the  cavity  of  this  connecting  piece  are  accurately 
ground  the  several  jet  pipes,  straight  and  curved ;  a  method 
whereby  they  are  much  more  easily  and  expeditiously  shifted 
finr  use,  during  the  various  operations  to  be  carried  on,  than 
they  can  possibly  be  when  attached  in  the  ordinary  way  by 
means  (^screws.  The  extreme  ends  of  the  jet  pipes  (of  brass 
and  neatly  turned)  are  made  to  terminate  in  a  globular  enlarge- 
ment, as  seen  in  the  figure,  whereby  they  are  preserved  from 
overheating  and  destruction  when  the  gas  flame  is  long  con- 
tinued upon  refractory  bodies  placed  upon  charcoal  or  otheir 
supports.  We  come  now  to  describe  the  central  tube  of  the 
three,  seen  in  the  section  before  referred  to :  it  is  one  and 
three  quarter  inch  in  height,  and  one  inch  and  an  eighth  in 
diameter,  covered  by  a  brass  plate  at  top,  through  the  centre 
of  which  is  drilled  a  circular  aperture^  three-eighths  of  an 
inch  diameter  at  its  superior  edge,  and  decreasing  downwards, 
so  as  to  receive  an  inverted  cone  of  solid  pewter,  carefolly 
turned  to  fit  perfectly  air-tight  when  the  requisite  degree  ci 
pressure  is  applied.  The  mode  of  obtaining  this  pressure  is 
simj^e  and  effective :  from  the  inverted  base  of  the  pewter 
cone,  and  secured  thereto  by  means  of  solder,  ascends  a 
small  brass  wire  until  it  reaches  an  inch  or  little  more  above 
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the  horizontal  cross  piece  of  the  right  angled  vertical  stays, 
which  are  attached,  by  means  of  a  small  screw,  on  each  side 
of  the  main  tube,  a  little  below  the  edge  of  its  circular  top. 
Over  this  wire,  to  the  height  of  three  quarters  of  an  inch,  and 
resting  loosely  upon  it  as  well  as  the  inverted  cone,  is  placed 
a  helix  consisting  in  five  or  six  spiral  turns  of  very  elastic 
steel  wire,  about  one-sixteenth  of  an  inch  in  thickness.  Again, 
upon  the  upper  extremity  of  the  helix  rests,  also  loosely,  a 
circular  disc  of  brass,  three-eighths  of  an  inch  in  diameter, 
and  one-eighth  in  thickness,  its  upper  surface  being  a  perfect 
plane,  while  underneath  it  is  shaped  somewhat  concave  with 
a  depending  rim,  to  retain  in  its  proper  position  the  upper 
termination  of  the  helix  before  mentioned.  Upon  the  upper 
surface  of  this  small  brass  disc  is  resting  thd  end  of  a  screw 
which  is  hollowed  longitudinally,  and  passes  freely  over  the 
perpendicular  wire  arisine  from  the  inverted  conical  valve. 
This  hollow  screw  has  a  delicately  cut  thread  on  its  external 
surface,  and,  when  turned  by  its  milled-edge  nut  on  the  top, 
revolves  about  the  perpendicular  wire,  and  works  into  a  cor- 
responding socket  in  the  horizontal  cross  piece  of  the  vertical 
stays ;  and  thus,  by  means  of  the  spring  helix,  regulates  with 

Seifect  facility  any  degree  of  pressure  which  it  may  be 
esirable  to  put  on  the  conical  valve.  The  third  or  small 
tube  on  the  left  hand  may  be  one  and  a  half  inch  in  height, 
and  about  five-eighths  of  an  inch  internal  diameter ;  it  is 
simply  closed  by  a  projecting  milled-edge  screw  cap  and  a 
collar  of  leather,  for  the  purpose  of  ensuring  it  air-tight,  when 
the  apparatus  is  used.  From  the  left-hand  side  of  dbe  copper 
cylinder,  and  at  the  distance  of  one  and  a  half  inch  from  the 
top  thereof,  proceeds  a  substantially  made  stop*  cock,  ter- 
minating outwardly  with  a  screw  in  the  usual  way,  or,  at 
pleasure,  with  a  hemispherical  cap,  having  a  smooth  cylin- 
drical cavity  in  its  centre,  for  the  reception  of  a  corresponding 
tube,  ground  to  fit  air-tight.  This  stop-cock  communicates, 
by  means  of  the  usual  socket,  with  a  small  circular  copper 
box,  about  one  inch  and  a  quarter  in  diameter,  well  secured 
by  solder  on  the  inside  of  the  cylinder.  From  the  back  part 
of  this  box,  and  communicating  with  its  cavity,  descends, 
diagonally  across  the  middle  of  the  cylinder,  a  copper  tube, 
three-eighths  of  an  inch  in  bore,  the  lower  end  whereof  ter- 
minates in  a  plane  parallel  with  the  base  of  the  instrument ; 
which  plane  is  perforated  with  four  or  five  holes  the  size  of  a 
large  knitting  needle,  and  reaches  to  within  half  an  inch  of 
the  bottom  of  the  cylinder ;  the  tube  being  securely  held  in 
its  diagonal  position  by  an  effective  soldenng  to  the  back  of 
the  copper  box  above  mentioned.     To  the  distance  of  three- 
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fourths  of  an  inch  from  underneath  the  centre  of  the  bottom 
of  the  copper  cylinder  proceeds  a  brass  tube  of  about  five- 
eighths  of  an  inch  bore^  as  seen  in  the  sectional  figure,  but 
necessarily  concealed  in  perspective  by  the  projecting  base  of 
the  instrument.  This  tube  in  ordinary  is  securely  closed 
with  a  good  cock,  and  serves,  upon  the  removal  of  the  latter^ 
as  an  outlet  for  the  water  charge  employed  when  the  apparatus 
is  brought  into  operation  in  connexion  with  a  reservoir  of  the 
mixed  gases. 

The  instrument  as  hitherto  described  is,  perhaps,  as  por- 
table as  need  be  desired,  being  wholly  of  metal,  and  weighing 
only  fifty- three  ounces,  including  stop-cocks,  safety-tube,  &c., 
charged  for  use,  together  with  half  a  dozen  jet  pipes  per- 
forated in  progressive  degrees  from  one -twenty-fifth  to  one- 
tenth  and  one-eighth  of  an  inch  in  bore,  to  suit  the  various 
purposes  of  the  operator. 


Preparation  of  Blowpipe  and  adaptation  of  Apparatus 
generally  for  use.     (See  fig,  \.) 

Having  closed  the  lower  orifice  of  the  copper  vessel  with  a 
good  elastic  cork,  the  cap  at  the  top  of  the  left-hand  tube  is 
to  be  unscrewed,  and,  by  means  of  a  small  frmnel,  the  cylin- 
der charged  with  water  until  its  surface  reaches  to  within 
three-fourths  of  an  inch  of  the  bottom  of  the  tubes,  leaving  a 
circular  area  or  space  as  denoted  by  the  unshaded  portion  of 
the  sectional  figure.  The  funnel  being  removed  and  the  left- 
hand  tube  again  closed,  the  cap  of  the  principal  tube  on  the 
right  is  now  to  be  removed,  incidental  to  its  being  charged 
(not  over  tightly)  with  a  piece  of  good  soft  and  slightly 
moistened  sponge  of  uniform  texture,  which  being  efiected, 
the  cap  of  this  tube  is  also  to  be  replaced  and  rendered  air- 
tight by  means  of  its  leather  collar. 

In  order  to  procure  the  granulated  silex  for  charging  the 
safety  tube  already  described,  aquantity  of  what  is  commonly 
called  ''drift  sand,"  a  substance  now  found  adundantly  on  all 
our  Macadamized  roads,  should  be  subjected  to  repeated 
washings  with  clear  water,  until  nothing  but  the  silicious 
granules  are  found  remaining.  These,  being  first  dried,  are 
to  be  separated,  the  large  and  irregular  from  those  approprU 
ate  to  the  purpose,  by  the  use  of  a  proper  sieve  which  will 
allow  of  the  passage  of  none  but  the  finer  and  most  uniform 
particles  ;  with  these  the  safety  tube  is  to  be  ax:curately  filled, 
so  that  no  motion  or  change  of  place  can  occur  among  the 
granulations,  when  the  tube  is  screwed  to  its  connecting  stop- 
cock, which  being  done,  the  jet  pipe  selected  for  the  occasiou, 
may  now  be  attaqbed  to  the  silex  tube  ready  for  use. 
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What  I  have  next  to  communicate  relates  to  the  valve  sur- 
mounting the  central  brass  tube,  and  will,  I  anticipate,  pro- 
duce a  smile  from  our  scientific  friends,  when  I  inform  them, 
as  I  now  seriously  do,  that  it  is  a  work  of  supererogation  ,* 
and,  notwithstanding  the  pains  I  have  taken  in  detail  to  ren- 
der its  construction  lamiliar,  I  regard  it  as  being  utterly  use- 
less to  the  main  intention  of  the  instrument.  The  question 
will  most  naturally  arise — Why  then  has  it  been  adopted,  and 
for  what  reason  should  it  be  retained?  I  answer  that,  though 
it  can  never  be  directly  necessary  to  complete  ihe  security 
furnished  by  this  form  of  blowpipe,  it  is,  nevertheless,  of  con- 
siderable indirect  importance.  I  am  myself  convinced  to 
demonstration  of  the  absolute  security  afforded  by  the  inter- 
position of  the  granulated  silex,  nor  should  I,  for  one  moment, 
hesitate  to  discard  even  the  water  cylinder,  and  without  any 
intervening  medium  whatever,  attach  my  sUex  tube  at  once  to 
a  gas  holder  containing  a  thousand  cubic  feet  of  the  explosive 
mixture,  by  the  side  whereof  I  should  work  with  the  compo- 
sure which  arises  from  implicit  confidence,  that  dependence 
being  not  merely  a  theoretical  consequence,  but  the  result  of 
more  than  twelve  years'  practical  assurance  necessarily  be- 
gotten by  experiments  repeated  almost  ad  infinitum.  But  I 
have  no  right  to  expect  that  my  assertions  alone,  or  the  evi- 
dence growing  out  of  my  individual  experience,  can,  in  the 
absence  of  ocular  proofs,  produce  conviction  to  the  minds  of 
others,  especially  in  a  pursuit  fraught  from  its  earliest  origin 
throughout  with  a  frequency  of  the  most  tremendous  explo- 
sions and  their  usual  alarming  train  of  effects.  Mr.  Hem- 
mings,  several  years  since,  in  speaking  to  a  scientific  frieqd, 
of  his  apparatus  for  burning  the  mixed  gases,  said  ^'his  frienda 
were  afraid  of  him,  and,  although  he  felt  quite  safe  in  using 
his  tube,  even  with  a  Pepy's  gas  holder,  yet  those  near  to  him 
always  made  a  simultaneous  movement  when  he  began  to 
operate."  Many  a  time  and  oft,  not  only  in  the  lecture  room 
but  during  the  delightful  hour  of  association  with  a  knot  of 
friends  in  the  privacy  of  the  laboratory,  spite  of  theory,  de- 
monstrations of  security,  and  the  exhilution  of  cool  confidence 
on  my  own  part,  have  I  witnessed  this  ^^  simultaneous  move- 
ment," when  about  to  employ  my  silex  tube  for  the  deflagra- 
tion of  the  combustible  gases  *     It  is,  therefore,  not  only 

♦  Among  the  personal  friends  whom  I  have  the  pleasure  to  re- 
eognise  as  having  devoted  their  talents  to  the  advancement  of  this 
department  of  cnemical  science,  I  cannot  but  recall  to  my  mind, 
with  a  feeling  of  extreme  satis&ction,  the  name  of  Mr.  T.  O.  N. 
Butter,  of  Lymington,  Hants.  This  gentleman  is  the  inventor  of 
a  very  improved  speciet  of  oxyhydrcigen  Uovpipe,  wkeir^y  ih^ 
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essential  to  provide  an  absolute  security  but  also  absolutely 
essential  to  produce  an  ocular  means  of  conviction  that  such 
security  exists,  guaranteed  even  to  a  threefold  degree,  ere  we 
can  hope  to  render  the  oxy  hydrogen  blowpipe  extensively  em- 
ployed, and  while  we  disarm  the  natural  timidity  of  inexpe^ 
rience,  to  place  it  beyond  the  power  of  the  inadvertent  or 
careless  operator  to  compromise  himself  and  his  friends  in  any 
more  than  a  harmless  pop-gun  explosion.  These,  then,  are  my 
reasons  for  retaining  the  valve  ah-eady  described,  and  which 
may  be  adjusted  with  remarkable  facility  to  any  degree  of 
pressure,  simply  by  turning  the  milled-edge  nut  of  the  vertical 
screw  previously  explained  in  reference  to  fig.  1.  We  shall 
presently  have  occasion  to  recur  to  the  subject  of  this  valve, 
when  treating  of  the  operation  of  the  instrument ;  but  I  will 
avail  myself  of  the  present  opportunity  to  suggest  to  my  scien- 
tific friends,  that  they  may  find  this  description  of  safety  valve 
extremely  simple  in  its  action  and  efiective  in  practice,  as 
applied  to  phiiosophical  apparatus  on  many  occasions,  wherein 
its  safety  properties  will  he  more  expressly  operative  and  de- 
sirable than  in  the  present  instance  of  its  application. 

The  reader  is  now  referred  to  fiig  2,  Plate  V.  The  arrange- 
ments hitherto  prescribed  having  been  carried  into  efiect  with 

respective  gases  are  condensed  into  separate  copper  reservoirs  of 
large  dimensions,  and  ignited  at  the  instant  of  their  union  in  a  com- 
mon orifice  analogous  to  the  principle  some  years  dince  adopted  by 
Professor  Hare,  of  Philadelphia.  One  of  these  instruments  con- 
structed to  order  hy  Messrs.  Jones  of  London,  weighed,  indeoen- 
dent  of  the  condensing  syrin|^e,  53  pounds ;  thus  providing  for  long 
continued  action,  certainly,  in  numerous  instances,  a  most  important 
consideration,  without  even  the  shadow  of  danger  from  explosions. 
In  reference  to  the  point  of  my  remarks  in  the  text,  I  am  sure  my 
friend  Rotter  will  excuse  me,  if  I  quote  a  few  lines  from  one  of  his 
communications  to  me  a  few  years  since,  as  nothing  can  more  for- 
cibly illustrate  the  frequent  danger,  as  well  as  the  general  feeling 
of  apprehension  necessarily  connected  in  ordinary  with  gas-blow- 
pipe experiments.  1  must  premise  that,  as  a  mere  memento  of 
esteem,  I  had  forwarded  to  Mr.  Rutter  one  of  my  silex  safety  tubes 
for  his  acceptance  and  trial.  He  says,  ** Although  I  have  your  assur- 
ance that  your  silex  tube  is  «q/e,  I  cannot  oonceaTfrom  you  that  I  shall 
use  it  with  ^  fear  and  trembling.'  An  accident  that  happened  to 
me  in  May,  1832,  makes  me  very  careful  of  explosive  mixtures.  I 
had  a  *  blow  up*  that  left  me  bleeding  out  of  about  forty  different' 
places,  spoiled  an  entire  suit  of  good  clothes,  disfigured  about  fifty 
volumes  of  books,  stripped  the  ceiling  of  some  of  its  plastering  down 
to  the  bare  laths,  ancf  left  other  marks  that  will  not  be  easily  obli- 
terated, to  say  nothing  of  a  glass  receiver,  a  porcelam  ditto,  and 
various  other  articles  of  apparatus  which  were,  totally  destroyed.*' 
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the  requisite  degree  of  precision,  the  blowpipe  is  to  be  placed 
towards  the  left-hand  end  of  a  strong  and  rather  heavily 
formed  table  of  convenient  height^  which,  from  its  weight  and 
resistance  of  casual  disturbance,  will  constitute  a  material 
advantage  to  the  operator.  The  necessary  conneKion,  be- 
tween the  blowpipe  and  the  gas  holder  to  be  employed  on  the 
occasion^  is  now  to  be  established  by  the  intervention  of  an 
elastic  gum  tube  from  three  to  four  feet  in  length,  or  of  greater 
extent,  at  pleasure ;  one  end  of  the  tube  being  attached  by  an 
ordinary  screw-socket  to  the  extremity  of  the  stopcock  from 
the  gas  holder,  and  the  other,  by  means  of  a  union  joint,  to 
that  of  the  blowpipe.  In  working  I  prefer  to  place  the  ^as 
holder  completely  within  reach  of  my  left  hand,  as  bemg. 
thereby  more  under  my  immediate  command  and  proportion- 
ately conducive  to  convenience.  The  various  gas  holders 
acting  upon  the  hydrostatic  principle — such,  for  instance,  as 
the  ingenious  and  (generally)  valuable  invention  of  Pepy's — 
I  find  are  by  no  means  well  adapted  to  the  purposes  of  operation 
with  the  oxyhydrogen  blowpipe.  Their  use  not  only  involves 
the  necessity  of  an  assistant,  but  it  is  utterly  impossible  to 
obtain  by  their  means  an  equable  and  uniform  degree  of 
pressure;  both  of  which  objects  are  secured  to  a  single  opera- 
tor by  the  use  of  the  gas  bolder  and  gasometer  shown  in  the 
figure ;  and,  though  the  one  I  am  in  the  habit  of  employing 
(capable  of  containing  several  cubic  feet  of  the  explosive  mix- 
ture) differs  in  some  few  respects  from  those  in  general  use 
among  chemists,  I  am  sure  its  operative  principle  is  too  obvi- 
ous and  generally  known  to  require  from  me  any  especial 
description.  The  arrangement  of  apparatus  herein  suggested 
is,  I  believe,  as  compact  and  commodious  as  can  well  be  de- 
sired, either  for  the  purposes  of  the  public  lecturer,  or  those  of 
private  nianipulation ;  the  blowpipe,  owing  to  its  perfectly 
flexible  medium  of  communication  with  the  gas  holder,  being 
readily  brought  into  any  required  position,  or  placed  at  the 
most  desirable  degree  of  elevation  as  respects  both  operator 
and  observers. 


Operative  management  of  Apparatus. 

The  preliminary  arrangements  being  completed^  let  the 
operator  place  himself  alongside  the  table  and  right  abreast  of 
the  blowpipe ;  he  will  then  with  his  right  hand  have  entire 
command  over  the  ignited  jet,  his  several  supports,  and  the 
substances  to  be  reduced  or  otherwise  acted  upon  ;  while  with 
his  left  hand  he  will  secure  the  management  of  the  gas  holder 
and  regulate  his  supplies  therefrom.     Let  him  commence  hia 


Digitized  by  VjOOQ IC 


to  the  purposes  of  Chemistry  and  the  Arts,         201 

operations  by  loading  the  inverted  gas  bell  with  the  requisite 
degree  of  weight ;  this  done  the  stopcock  next  the  safety  tube 
is  to  be  turned  open^  either  wholly  or  in  so  much  as  may  be 
deemed  adequate  to  the  especial  occasion^  subject  to  sub- 
sequent correction  in  working  the  instrument  The  commu- 
nication with  the  gas  holder  should  now  be  established  by  the 
operator  opening  the  other  two  stopcocks  in  succession  with 
his  left  hand,  and  he  will  find  there  will  immediately  follow  a 
continuous  low  gurgling  sound,  occasioned  by  the  passage  of 
the  gas  down  the  interior  copper  pipe,  formerly  described,  and 
its  re-ascent  through  the  water  of  the  cylinder.  He  may, 
without  further  delay,  apply  a  taper  or  lighted  match  to  the 
extremity  or  knob  of  the  jet  pipe,  when  a  coue  of  flame  (re- 
gulated by  the  degree  of  pressure  on  the  inverted  bell,  the 
opening  in  the  airway  of  the  stopcocks,  and  the  orifice  of  the 
jet  employed)  from  two  to  ten  or  twelve  inches  in  length,  and 
of  proportionate  diameter,  will  be  brought  into  instantaneous 
play  upon  the  subject  of  his  experiments.*  So  long  as  it  is 
intended  to  continue  the  instrument  in  action,  notwithstand- 
ing a  temporary  suspension  of  the  gas  flame  may  occasionally 
prove  to  be  requisite,  it  will  be  unnecessary  to  interfere  with 
the  stopcock  proceeding  from  the  gas  holder,  and  communi- 
cating directly  with  the  elastic  tube.  The  left  hand  stopcock 
of  the  blowpipe  being  closed — and  it  will  be  infinitely  prefer- 
able to  cut  off  and  regulate  the  supply  to  the  jet  pipe  prin- 
cipally by  means  of  this  stopcock — the  gas  flame  wiU  in  the 
next  instant  become  extinguished,  and  its  disappearance  be 
accompanied  bj  a  faint  and  harmless  report  only,  proceeding 
from  an  explosion  of  the^4ast  portions  of  gas  remaining  in  the 
tabular  cavity  between  the  knob  of  the  jet  pipe  and  the  an- 
terior extremity  of  the  silex  safety  tube. 

*  These  lenjpths  of  flame  and  even  greater  are  safely  attainable 
from  the  use  of  this  instrument ;  but  it  is  a  mistake  to  suppose  that 
this  circumstance  is  of  any  practical  importance.  The  point  of 
ereatest  heat  is  in  fact  to  be  found  near  the  orifice  of  the  jet  pipe 
from  which  the  gas  issues.  But  though  the  length  of  the  gas  flame 
be  of  secondary  conuderation  to  the  oparator,  whatever  tends  to 
increase  its  diameter  is  of  the  first-rate  advantage,  as  it  will  enable 
him  not  only  to  brinff  much  larger  bodies  withm  the  sphere  of  its 
action,  but  he  thereby  obtains  a  very  great  augmentation  to  the 
degree  of  heat.  In  this  particular  respect  the  blowpipe  now  in 
question  affords  far  greater  facilities  than  anv  other  form  with 
which  I  have  the  pleasure  to  be  acquainted,  wnerein  a  single  gas 
holder  is  used,  especially  when  the  gas  fiame  is  directed  downwards 
upon  any  substance  rather  than  in  a  horizontal  line. 
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Observations  on  the  principle  of  safety. 
In  the  sectional  representation,  fig.  I,  it  will  be  perceived, 
as  we  have  already  had  occasion  to  mention,  that  the  water 
line  terminates  at  the  distance  of  three-fourths  of  an  inch  from 
the  top  of  the  copper  cylinder,  the  intervening  space  being 
occupied  by  atmospheric  air,  until  that  is  displaced  by  the 
introduction  of  the  mixed  gases,  a  result  which  speedily  follows 
when  the  apparatus  is  put  into  action.  This  provision  is 
necessary  in  order  to  accommodate  an  increase  in  the  volume 
of  water  which  immediately  obtains  from  the  continuous  ascent 
of  gas  bubbles  as  they  emerge  from  the  orifices  of  the  diagonal 
tube,  and  which  water  would  otherwise  rise  into  the  main 
up/ight  tube  charged  with  sponge ;  the  latter  substance  efiec- 
tually  prevents  any  moisture  whatever,  occasioned  by  the 
breaking  and  splashing  of  the  bubbles  as  they  rise  to  the  sur- 
face, from  finding  its  way  into  the  air  passage  of  the  stopcock, 
or  insinuating  itself,  in  consequence,  among  the  granular  silex 
of  the  safety  tube.  Now,  supposing,  for  the  sake  of  illustra- 
tion, that  the  ignited  gas  jet  could  from  any  circumstance 
recede  and  burn  backwards  through  the  silex  tube,  the  sponge 
medium  (though  not  here  designed  for  such  purpose*)  is  am- 
ply capable  of  extinguishing  it ;  or,  allowing  a  second  supposi- 
tion, that  the  sponge  should  fail  in  arresting  the  course  of  the 
fiery  renegade,  the  only  mischief  he  could  possibly  eflect 
would  be  the  explosion  of  an  insignificant  quantity  of  gas,  from 
three  to  four  cubic  inches  in  amount,  by  the  force  of  which 
the  conical  valve  in  the  central  tube  would  be  instantly  raised, 
and  the  final  consequence  a  harmless  report.  I  presume  it 
would  be  superfluous  to  enter  on  any  argument  in  order  to 
show  that  such  explosion,  even  if  it  were  possible  in  itself, 
could  in  any  way  extend  to  where  the  only  source  of  real  dan- 
ger resides^  viz.  in  the  gas  holder  or  reservoir  connected  with 

*  Many  years  since  I  placed  at  the  disposal  of  the  talented  editor 
of  the  ^^  Mechanics'  Ma^zine,"  J.  C.  RoDertson,  Ksc{.,  an  essay  on 
the  combustion  of  the  mixed  gases,  with  the  description  of  an  ap- 
paratus for  their  secure  deflagration,  in  which  the  safety  medium  is 
constituted  solely  by  sponge.  I  believe  this  essay  appeared  in  VoL 
VII.  of  the  popular  and  valuable  work  to  which  I  nave  referred. 
Years  of  subsequent  experience  have  only  served  to  strengthen  the 
confidence  I  then  expressed  relative  to  my  sponge  safety  tube,  pro- 
vided the  rules  I  have  prescribed  for  its  management  be  implteitfy 
followed;  otherwise,  through  the  sponge  becoming  dry  and  shrunken, 
Ac.  &c.,  explosions  may  and  will  happen,  but  the  most  incorrigibly 
oarelesB  operator  might  be  defied  to  render  inefficient  the  successive 
securities  afibrded  by  the  silex  safety  blowpipe. 
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tbe  blowpipe,  as  the  flame  would  have  in  the  first  place  to  dive 
through  a  columa  of  water  nearly  a  foot  in  height,  and  then, 
further  suppositions  are  obviously  out  of  the  question. 

During  a  very  considerable  portion  of  my  life,  the  oxyhydro- 
gen  blowpipe,  in  its  various  forms,  has  been  to  me  a  source  of 
intense  interest,  both  in  reflection  and  practice;  and  few 
persons,  it  b  probable,  have  ventured  oa  a  course  of  more 
hazardous  experiments  unattended  by  personal  injuries  or 
other  serious  contingencies.  These  fortunate  and^  in  latter 
years,  entire  exemptions  from  accident,  I  certainly  owe  to  the 
adoption  of  the  silex  medium,  a  substance  possessing,  in  my 
estimation,  the  true  character  requisite  for  such  a  purpose,  that 
of  absolute  immutability,  whereby,  if  once  brought  into  opera- 
tion with  suitable  efiect,  the  employment  of  the  mixed  gases 
is  rendered  an  agency  of  really  astonishing,  if  not  unlimited, 
power  in  chemical  researches  and  many  purposes  of  the  arts. 
With  the  identical  instrument  furnishing  the  descriptive  por- 
tion of  this  memoir,  the  reduction  of  the  several  earths  to 
their  respective  bases,  and  the  consequent  production  of  barium, 
calcium,  &c.,  has  not  unirequently  been,  as  it  were,  the  magical 
conversion  wrought  by  a  few  seconds'  application. 


XVIII.     Description  of  an  Electro-magnetic  Engine.    By 
James  P.  Joule,  Esq.     In  a  letter  to  the  Editor. 

Broom  Hill,  near  Manchester,  30th  August,  1839. 

Dear  Sir, 

I  hasten  to  forward  to  you  the  description  of  my  new  electro- 
magnetic engine.  I  am  particularly  aesirous  of  communicat- 
ing any  new  arrangement,  in  order,  if  possible,  to  forestall 
the  monopolizing  designs  of  those  who  seem  to  regard  this 
vaost  interesting  subject  merely  in  the  light  of  a  pecuniary 
speculation. 

Fig.  3,  Plate  V,  represents  a  perspective  view  of  the  enginei 
in  what  may  be  termed  its  ^  quadratures.' '  A,  6,  C,  D,  is  a 
frame  of  wood  made  very  firm,  and  strengthened  by  a  board 
fixed  at  the  back ;  the  top  E  may,  by  means  of  thumb  screws, 
be  taken  off  at  pleasure;  the  inside  measure  of  tbe  frame  is 
4i  feet  long,  I  j  feet  high,  and  1  foot  broad.  F,  G,  is  the 
axle  of  cast  steel,  three  quarters  of  an  inch  square,  and  turned 
to  half  an  inch  at  the  working  parts,  a,  a,  are  holes  by 
means  of  which  the  axle  may  with  expedition  be  let  into  tbe 
brass  steps  b,  b.  H,  H,  are  holders  fox  the  revolving  electro- 
magnets m,  m :  there  is  another  holder  between  these,  whichi 


Digitized  by  VjOOQ IC 


204  Mr.  Joule's  description  of  an  Electro-magnetic  Engine. 

is  omitted  in  the  figure,  but  which  contributes  very  materially 
to  the  stability  of  the  apparatus,  n,  n,  are  the  stationary 
electro-magnets,  firmly  secured  to  the  top  and  bottom  by  the 
brass  clamps  k,  k,  s,  s,  are  silver  springs  which  enter  through 
the  frame  and  press  gently  on  the  brass  half  discs  of  the  com- 
mutator c.  The  commutator,  figs.  3  and  4,  consists  of  two 
half  discs  of  brass,  inlaid  in  hard  wood :  the  silver  springs 
being  of  the  same  size  at  the  ends  as  the  distances  between  the 
half  discs ;  the  electric  current  is  instantaneously  reversed. 
V,  Vy  are  copper  wires,  soldered  to  the  brass  half  discs,  and 
connected  with  the  revolving  electro-magnets,  ar,  ar,  are  wires 
let  into  the  frame,  and  connected  with  the  stationary  electro- 
magnets. ZyZy  are  wires  to  connect  the  coils  of  the  two 
systems. 

Fig.  5  will  more  clearly  represent  the  plan  of  my  holders ; 
they  are  made  of  hard  wood,  and  brass  plates  are  screwed  to 
the  sides  and  faces ;  6,  6,  are  brass  screws,  which  work  upon 
wedges,  so  that  I  can  adjust  the  magnets  at  different  distances 
from  the  axle;  a  is  a  screw  which  secures  the  holder  to  the 
axle. 

The  iron  of  the  revolving  electro-magnets  is  thirty-six 
inches  lon^,  three  inches  broad,  and  half  an  inch  thick ;  that 
of  the  stationary  electro-magnets  is  of  the  same  breadth  and 
thickness,  but  their  length  is  such  that  their  extremities  when 
bent  are  36f  inches  asunder;  3-8ths*  of  an  inch  is  th^efore 
the  working  distance. 

I  shall  provide  myself  with  four  of  the  straight  electro-mag- 
nets, two  of  hard  and  soft  iron,  and  two  of  hard  and  soft  rec- 
tangular iron  wire :  the  hard  iron  and  wire  magnets  are  com- 
pleted and  fixed  on  the  engine.  Fig.  6  represents  the 
position  and  exact  size  of  the  wires,  where  a,  6,  are  planed 
iron  rods  to  secure  them  with  certainty. 

Each  electro-magnet  is  frumished  with  a  strip  of  thick 
calico  next  to  its  iron,  and  with  three  separate  layers  of  well 
covered  copper  wire,  l-24tht  of  an  inch  in  diameter,  each 
106  yards  lon^.  I  always  take  care  to  ascertain  that  each 
coil  is  properly  insulated  by  experiment,  and  the  method 
which  I  employ  in  winding  the  wire  ensures  regularity^ 

My  engine  consists  of  only  four  electro-magnets,  but  it  will 
at  once  be  seen  that  the  principle  admits  of  the  use  of  any 
superior  even  number ;  I  oo  not  however  think  that  the  mere 

*  l-8th  would  be  better, 
f  1  have  reason  to  think  that  this  is  too  thin. 
X  A  heavy  weight  is  fixed  to  the  wire,  and  wound  upas  the  mag- 
net is  covert 
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increase  of  namber  is  attended  by  advantage,  unless  the  fric- 
tion of  the  axle  is  thereby  diminished. 

As  the  form  of  this  engine  enables  me  with  ease  to  place 
the  electro-magnets  in  different  positions,  and  as  the  several 
coils  are  insulated,  and  I  am  thereby  enabled  to  use  the  elec- 
tric current  in  quantity  and  intensity  arrangements,  this 
engine  is  well  adapted  for  experiment.  It  works  beautiiiilly, 
but  as  I  have  not  as  yet  carried  my  experiments  with  it  very 
far^  I  prefer  to  postpone  for  the  present  any  account  of  its 
duty. 

Vol.  IV.  page  132,  line  23,  read  62  instead  of  62. 
I  remain.  Dear  Sir, 

Yours  most  respectfiilly, 

JAMES  P.  JOULE. 


XIX.      Report  on  a  Memoir^  by  M.  Masson,  relative  to 
the  action  exercised  by  chloride  of  zinc  on  alcohol,^ 

For  some  years  past  the  question  of  the  formation  of  ethers 
has  been  studied  by  chemists  with  so  much  care,  and  under 
so  many  different  aspects,  that  it  might  seem  difficult  to  find 
anything  new  in  so  simple  a  reaction  as  that  which  forms  the 
subject  of  the  present  memoir ;  yet  nothing  was  less  expected 
than  the  results  obtained  by  M.  Masson  which  we  are  about 
to  mention. 

The  author  dissolved  chloride  of  zinc  in  alcohol,  and  sub- 
mitted the  liquid  to  distillation,  taking  care  to  break  the 
products,  and  keep  exact  account  of  their  nature ;  but  he 
found  that  in  proportion  as  the  liquid  boils  he  at  first  lost 
alcohol,  but  when  his  point  of  ebullition,  which  was  raised 
graduaUy,  arrived  at  1^0%  or  rather  ICO'',  it  produced  sul- 
phuric ether. 

Thus  chloride  of  zinc  acts  on  alcohol  exactly  like  concen- 
trated sulphuric  acid;  and  what  is  very  remarkable,  these 
two  bodies  determine  the  production  of  sulphuric  ether  at 
precisely  the  same  temperature. 

Carrying  the  experiment  further  we  discover  an  oil,  which, 
in  its  character,  exactly  represents  the  oil  known  by  the  name 
o(  sweet  oil  of  wine.  It  is  formed  at  about  160°,  i.  e.  nearly 
under  the  same  circumstances  as  when  we  operate  with  sul- 
phuric acid  and  alcohol. 

We  observe,  further,  that  the  ether  disengaged  is  always 
accompanied  by  a  certain  quantity  of  water,  and  that  it  is 

*  From  the  Comptes  Rendus,  24th  December,  1838.  Translated 
by  Mr.  J.  H.  Lang. 
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also  the  same  with  the  sweet  oil.  Hese  phenomena  are  also 
remarked  in  the  reaction  of  sulphuric  acid  on  alcohol.  M. 
M asson  is  also  assured  that  hydro-chloric  ether  is  not  pro- 
duced, which  fact  he  but  little  expected. 

Hence  M.  Masson  has  perfectly  proved  that  chloride  of 
zinc  acts  like  sulphuric  acid.  There  now  remains  to  consider 
a  certain  number  of  phenomena  which  the  author  has  hitherto 
thought  proper  to  neglect,  and  which  take  a  great  part  in 
the  reciprocal  action  of  the  sulphuric  acid  and  alcohol.  In 
fact,  the  analogy  observed  by  M.  Masson  between  chloride  of 
zinc  and  sulphuric  acid  is  so  perfect,  that  it  is  difficult  to 
believe  that  chloride  of  zinc  does  not  furnish  some  product 
corresponding  to  sulpho^vinic  acid.  It  is  this  that  M.  Masson 
has  not  sought  to  verify,  and  which  we  recommend  to  his 
attention. 

Hitherto  we  have  admitted  that  the  author  had  obtained 
sweet  oil  perfectly  similar  to  that  obtained  by  the  assistance 
of  concentrated  sulphuric  acid.  However,  M.  Masson  has 
not  confined  himself  to  the  establishment  of  this  identity :  he 
has  considered  the  oil  that  he  has  obtained,  and  is  satisfied, 
by  attentive  distillations,  that  it  contains  two  very  different 
products. 

The  first,  the  most  volatile,  is  carburet  of  hydrogen,  the 
most  hydrogenated  liquid  known :  it  contains  more  hydrogen 
than  olefiant  gas,  and  is  represented  by  C^  H^ ;  it  boils  at 
about  30°  or  40*. 

The  second,  the  less  volatile,  contains,  on  the  contrary,  less 
hydrogen  than  olefiant  gas;  and  is  represented  by  C*  H^, 
and  boils  only  at  about  300°. 

These  results  joined  to  those  by  which  M.  Regnault  has 
demonstrated  the  absorption  of  oxygen  gas  by  sweet  oil  of 
light  wine,  will  perfectly  explain  why  some  chemists  have 
obtained  from  its  analysis  more  carbon  than  is  contained  in 
olefiant  gas ;  and  others,  on  the  contrary,  have  hit  on  the 
composition  of  olefiant  gas  itself. 

These  facts  which  appear  to  us  well  founded,  would  have 
led  your  Commissioners  to  regard  M.  Masson's  work  as  of  a 
nature  to  settle  the  discussions  relative  to  the  sweet  oil  of 
wine ;  but  M.  Marchand,  a  German  chemist,  who  has  been 
much  engaged  with  sulpho-vinates,  has  recently  published  some 
analyses  of  the  oil  of  strong  wine,  as  well  as  some  analyses  of 
the  oil  of  light  wine,  or  some  crystals  which  it  furnishes. 
His  results  agree  perfectly  with  those  of  Serullas,  and,  con- 
sequently, differ  from  those  obtained  by  M.  Masson  under  the 
inspection,  and  in  the  laboratory,  of  your  reporter. 

Considering  that  among  the  chemists  who  engaged  in  this 
subject,  some  have  operated  on  the  oil  obtained  by  sulphuric 
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ftcid  and  alcohol ;  others  on  the  oil  of  sulpho-vinates ;  and 
that  M.  Masson  has  procured  his  by  alcohol  and  chloride  of 
zinc,  some  might  perhaps  imagine  that  these  several  oils  dif- 
fer among  themselves. 

So  much  the  more,  since  M .  Masson  has  never  been  able 
to  extract  from  his  (h1  the  crystals  obtained  by  Hennell, 
Serullas,  and  Marchand,  from  theirs ;  and  that,  on  the  con- 
trary, he  has  extracted  a  very  volatile  product  unknown  to 
the  chemists  who  have  precedea  him. 

But  M.  Marchand  has  undertaken  to  remove  this  last  dif- 
ference; for  he  distinguishes  among  the  products  of  the 
distillation  of  sulpho-vinates,  the  existence  of  a  very  volatile 
product  which  he  has  not  analyzed,  but  which  appears  to  have 
the  greatest  relationship  to  that  which  M.  Masson  has  dis- 
covered some  time  ago. 

Hence,  it  is  evident  that  the  history  of  the  sweet  oil  of 
wine  is  not  yet  terminated ;  but  M.  Masson  has  done  a  great 
deal  in  clearing  from  it  the  existence  of  a  very  volatile  car- 
burate  of  hydrogen  C*  H^. 

The  reciprocal  action  of  chloride  of  zinc  and  alcohol  has 
been  so  well  studied  by  the  author  of  the  memoir  which 
engag^es  our  attention ;  it  has  been  on  his  part  the  object  of 
experiment  so  worthy  the  attention  of  chemists ;  he  nas  so 
wcJl  proved  that  it  givea  rise  to  sulphuric  and  not  hydrochloric 
ether,  that  we  do  not  hesitate  to  request  the  insertion  of  his 
memoir  in  the  "  Recueil  des  savants  strangers  J^ 

The  conclusions  of  this  report  have  been  adopted. 


XX.     Employment  of  Gelatine  for  Food* 

M.  Arago  mentions  that  during  his  last  visit  to  Metz,  he 
received  a  letter  from  M.  Darcel  inviting  him  to  visit  the 
hospital  of  St.  Nicholas,  where  they  used  gelatine  for  food: 
and  he  wished  on  his  return  to  state  to  the  Academy  what 
he  had  observed.  M  .Arago  subscribed  at  the  desire  of  his  pro- 
fessional friend,  fearing,  that  during  the  examination  of  facts, 
he  should  be  led  astray  by  the  influence  of  those  prejudices 
which  he  had  formerly  entertained  against  the  elementary 
regimen,  the  subject  of  so  lively  and  prolonged  a  debate. 

The  hospital  of  St.  Nicholas  at  Metz,  contains  more  than 
five  hundr^  persons,  men,  women,  and  children.  The  men 
and  women  are  all  very  old.     Each  individual  receives  twice 

«  From  the  Comptes  Rendus,  24th  December,  1838.  Translated 
by  Mr.  J.  H»  Lang. 
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a  day,  five  days  in  the  week,  a  soup  containing  a  quarter  of  a 
litre  (a  little  more  than  half  a  pint)  of  broth,  which,  for  a 
thousand  rations,  is  prepared  with  the  gelatine  produced  from 
twenty-five  kilogrammes  (about  52]^  pounds)  of  bone  and  ten 
(22  pounds)  of  meat. 

After  the  soup  in  the  rooming  each  person  receives  a 
ration  of  dry  or  fresh  vegetables  cooked  with  bacon. 

After  the  evening  soup,  they  receive  the  bacon  which  was 
used  for  cooking  the  vegetables  in  the  morning. 

The  rations  of  fresh  vegetables,  such  as  potatoes,  cabbages^ 
carrots,  and  turnips  weigh  37  t  grammes  ( 1  ioz).  The  rations  of 
cooked  vegetables,  such  as  haricots,  peas,  and  lentils,  12| 
grammes.     The  rations  of  rice  and  millet  5  grammes. 

The  bones  from  which  the  c^elatine  is  extracted  come  from 
the  military  hospital,  the  college,  and  the  school.  All  the 
operations  relative  to  this  extraction  are  made  in  a  room, 
separated  from  that  in  which  the  old  men  are,  only  by  a 
wooden  gate. 

Before  the  introduction  of  the  gelatine  the  regimen  of  St 
Nicholas  was  exactly  as  at  present;  only  the  soup  was  pre- 
pared with  hog's  lard,  salt,  and  spices. 

It  must  be  well  understood  that  the  new  rule  was  not  in- 
troduced for  the  sake  of  economy,  the  desire  of  improving  the 
soup  of  the  paupers  was  the  only  motive  of  the  administrators. 
Every  quarter  of  a  litre  of  hog's  lard  broth  comes  to  0*92  cen- 
time; every  quarter  of  a  litre  of  animalized  gelatine  broth 
costs  1*25.  centime. 

The  preceding  details  sufficiently  show  that  the  observa- 
tions collected  from  the  hospital,  St,  Nicholas  de  Metz,  can- 
not decide  whether  pure  gelatine  is  nutritive,  but  they  may 
serve  to  appreciate  the  influence  this  substance  exercises  over 
animal  economy,  when  it  is  mixed  with  bread,  vegetables,  and 
a  very  light  meat  broth. 

The  animalized  gelatine  broth  has  been  more  than  four 
years  in  use  at  the  hospital  St,  Nicholas  de  Metz,  In 
these  four  years,  from  the  unanimous  testimony  of  the 
honourable  directors  of  this  establishmept,  the  state  of  health 
of  the  five  hundred  persons  it  contains  has  evidently  improved. 
The  increase  is  found  to  be  more  than  compensated  by  the 
decrease  of  expense  for  the  infirmary. 

M.  Arago  has  received  this  information  from  M.  Pedancet, 
counsellor  to  the  royal  court ;  from  M.  Prost,  director  of  the 
fortifications  of  Metz,  second  commandant  of  the  school  of 
application,  &c.  &c.;  and  from  M.  Frecot. 

The  declarations  that  M.  Arago  has  collected,  by  visiting 
the  different  halls  of  the  hospital,  have  completely  confirmed 
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the  statement  of  the  directors.  With  two  or  three  exceptions 
in  the  section  of  old  women,  every  one  is  pleased  with  the 
new  regimen,  and  all  say  it  is  very  superior  to  the  old  one, 
both  as  to  taste  and  salubrity,  and  all  wish  it  to  be  continued. 

The  military  hospital  at  Metz  used  lately  for  the  employes 
a  preparation  of  gelatine  which  is  now  done  away  with.  But  M. 
Arago  is  assured  by  Dr.  Scoutteten,  that  particular  circum- 
stances totally  unconnected  with  the  value  of  M.  Darcet's 
process,  are  the  only  reasons  for  its  temporary  suspension. 
The  employes  are  very  well  satisfied  with  the  use  of  animal- 
ized  gelatine  broth,  and  would  be  glad  to  see  it  re-established. 

M.  Silvester  wishes  the  communication  of  M.  Arago  to  be 
inserted  with  detail  in  the  Compte  Rendu, 

M.  M agendie,  on  the  contrary,  regrets  it  has  been  made  in 
the  public  session.  He  thinks  M .  Arago  ought  to  have  con- 
fined himself  to  sending  his  concltisions  to  the  gelatine  com- 
mission. This  commission  pursues  with  zeal  and  perseverance 
the  duty  that  has  been  assigned  to  it,  and  in  a  short  lime 
will  present  its  report.  We  shall  then  •  appreciate  all  the 
efforts  it  has  made  to  overcome  the  difiSculties  of  the  question, 
and  to  escape  the  uncertainty  with  which  complex  experi- 
ments, such  as  M .  Arago  speaKs  of,  abound.  M.  M agendie 
is  of  opinion  that  the  gelatine  might  be  abolished  in  the 
hospital  St.  Nicholas  de  Metz  without  the  old  men  and  chil- 
dren to  whom  it  is  given  perceiving  it,  and  certainly  without 
their  feeling  any  harm  from  it. 

M .  Arago  answers  that  he  has  not  presented  conclusions^ 
but  only  fects.  The  experiment  at  Metz,  considered^  if  not 
physiologically,  at  least  in  an  economical  point  of  view,  ap- 
pears excellent  even  after  the  observations  of  M.  Magendie. 
He  doubts  the  commission  having  had  the  means  of  under- 
taking any  thing  of  this  sort  so  extensive,  either  as  to  dura- 
tion or  with  regard  to  the  number  and  diversity  of  the  persons 
submitted  to  the  gelatine  regimen.  In  reply  to  the  reproach 
of  having  addressed  the  academy  in  preference  to  the  com- 
mission, M.  Arago  says  he  did  it  for  the  satisfaction  of  M. 
Darcet,  who  for  the  last  seven  years  has  been  wanting  to  be 
relieved  from  the  most  uncomfortable  position.     The  per- 

Eectual  secretary  adds  that  he  will  never  hesitate,  within  the 
mits  of  right,  justice,  and  truth,  to  render  his  professional 
friends  all  the  services  which  are  in  his  power. 

M.  Magendie  declares  the  experiments  on  the  nutritive 
properties  of  gelatine  to  have  been  commenced  only  two,  and 
not  seven  years,  ago. 

M.  Dumas  adds  that  facts  analogous  to  those  which  M. 
Arago  has  laid  before  the  academy  have  not  been  disregarded 
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by  the  commission  :  that  he,  for  example^  has  had  an  oppor* 
tunity  of  personally  considering,  on  the  spot,  the  results 
obtained  at  the  hospital  St.  Aicholas  de  Metz, 


XXI.     JSTote  on  the  paralysis  and  nevralgie  of  the  face. 
By  M.  Magendie.* 

The  discussion  which  took  place  at  the  last  session  has 
reminded  me  of  some  medicinal  &cts,  which,  having  a  ten- 
dency to  throw  light  upon  the  functions  of  the  nerves  of  the 
face,  I  think  worthy  to  be  laid  before  the  Academy. 

I  have  lately  paid  attention  to  two  young  persons  affected 
with  hemiplegia  of  the  face,  a  disease  which  at  the  same  time 
compromises  the  receiving  of  the  food,  mastication,  speech, 
the  acti(m  of  whistling,  &c.;  but  which,  above  all,  raising  the 
expression  of  the  figure,  and  rendering  it  completely  immove- 
able, particularly  when  the  passions  are  the  most  animated, 
renders  the  countenance  something  monstrous.  If  this  para- 
lysis were  shown  at  the  same  time  on  both  sides,  the  figure, 
that  moving  picture  of  our  thoughts,  would  assume  by  its 
immoveableness  a  frightful  aspect :  it  would  be  an  inanimate 
mask  on  a  living  head. 

This  state  is  fortunately  very  rare,  and  not  even  met  with 
in  the  case  of  general  pandysis,  where  every  kind  of  motion 
of  the  body  and  limbs  is  stopped :  by  the  goodness  of  provi- 
dence there  remains  to  the  patient  his  phisiognomy  to  express 
bis  sufferings  or  desires. 

I  have  had  the  good  fortune  to  cure  these  paralyses  of  the 
fiice  by  means. of  electricity  applied  to  the  nerves  themselves, 
with  the  assistance  of  platina  needles.  In  the  course  of  these 
applications  I  had  the  opportunity  of  remarking  that  the 
nerve  became  perfectly  incapable  of  exciting  the  contractions 
of  the  muscles,  preserving  however  a  sensibility  which 
apparently  diifered  nothing  from  the  sensibility  it  possessed  in 
its  healthy  condition,  which  supports  the  results  of  my  last 
experiments ;  proving  that  the  sensibility  of  the  facial  nerv^ 
is  only  apparent,  being  no  other  than  that  of  the  threads  of 
the  nerves  of  the  fifth  pair  which  intermix  with  the  threads  of 
the  facial  nerve. 

There  is  nothing,  in  this  sensibility,  existing  in  a  paralyzed 
motive  nerve  which  ought  to  surprise  us  now,  though  for  a 
long  time  I  was  much  perplexed  by  it. 

*  From  the  Comptas  Rendus,  Jane  17,  1839.  Trandated  by 
Mr.  J.  H.  Lang. 
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it  ought,  theoretically,  not  only  to  exist  in  the  trunk,  but 
in  all  tl^  branches.  It  is  this  also  which  exists,  and  which  I 
have  several  times  mentioned,  in  the  two  diseases  I  have  just 
spoken  of. 

M.  Roox,  mentioning  a  nevralgie  case  in  which  he  cut  all 
Ae  facial  branches  in  succession,  and  perceived  the  pain  take 
reftige  successively  in  the  uncut  branches,  has  turned  my  at- 
tention to  these  very  mysterious  relations  which  are  seen' 
Among  the  branches  qH  the  same  nerve. 

I  saw  a  very  remarkable  instance  of  this  last  month. 

A  middle  aged  woman  came  to  me  to  be  cured  of  a  most 
intense  nevralgie  which  for  five  years  had  given  her  no  relax- 
ation, and  had  entirely  deprived  her  of  sleep. 

This  nevralgie  did  not  occupy  every  branch  of  the  fifth  pair 
mt  once,  but  was  sometimes  in  one,  sometimes  in  the  other, 
and  always  with  equal  violence  ,*  the  place  varied  but  the  pain 
was  the  same. 

The  day  she  came  to  me  the  disease  was  seated  in  the  right 
lower  maxillary ;  I  o^i^ied  the  electric  current  and  the  pain 
immediately  passed  to  the  tongue,  leaving  the  maxillary 
nerve.  I  forced  a  needle  in  the  right  side  of  the  tongue,  and 
caused  the  current  to  pass  over  it;  the  pain  entered  the 
under-orbitary.  I  also  followed  it  there.  It  went  at  last  to 
the  firontal  nerve,  at  which  it  was  not  difficult  to  arrive :  I 
attacked  it  there  in  the  same  manner,  and  it  disajqpeared ; 
Ibrtunately  not  having  taken,  as  a  last  resource,  the  nasal 
thread  of  the  c^halmic,  as  in  the  case  quoted  by  M.  Roux ; 
but  which,  however,  would  not  have  entirely  discouraged  me, 
fer,  by  the  assistance  of  a  fine  platina  neeole,  I  do  not  con- 
sider impossible  to  have  got  at  it ;  and,  consequently,  to  have 
directed  an  electric  current  to  it. 

My  patient,  to  her  great  satisfeiction,  was  thus  relieved  firom 
m  disease  which  had  been  the  torture  of  her  existence.  The 
disease  has  since  made  some  attempts  to  return ;  but  weak 
and  very  tolerable :  above  all,  never  preventing  sleep :  and  a 
single  application  of  the  electricity  causes  it  immediately  to 
disappear. 

For  some  days  I  have  had  an  opportunity  of  seeing  a 
Parisian  lady,  who  has  also  been  troubled  for  some  time  with 
a  nevralgie ;  but  nearly  always  utuated  in  the  right  lingual 
n^rve.  I  appMed  the  electricity,  and  the  pain  passed  into  the 
upper  piaxillary  nerve ;  from  which  I  immediately  removed 
it  It  went  no  iiirther,  and  thus  saved  me  the  trouble  of  pur- 
suing it.  . 

How  are  these  transmissions  made?  Is  it  by  the  branches 
themselves  ?  or  is  it  by  those  numerous  anastomoses ;  little 
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known  to  any  but  professional  anatomists  ?  I  am  not  at  pre- 
sent able  to  obtain  any  well  founded  opinion  as  to. this  curious 
question. 


XXII.     Observations  on  the  means  to  be  adopted  for  ascer- 
taining the  temperature  of  vegetables.  By  M.  Becqubrel.* 

As  soon  as  I  had  applied  thermo-electric  effects  to  deter- 
mine the  temperature  of  the  interior  parts  of  men  and  animals, 
I  tried  the  same  sort  of  experiment  to  ascertain  that  of  vege- 
tables. The  general  process  consists  in  using  two  perfectly 
similar  needles,  each  composed  of  one  steel  and  one  copper 
needle  soldered  together  at  one  end,  while  the  free  ends  are  thus 
connected :  the  steel  ends  with  a  wire  of  the  same  metal,  and 
the  copper  with  the  two  extremities  of  the  wire  which  forms 
the  circuit  of  a  multiplier.  When  the  temperature  is  the 
same  at  the  two  soldered  parts,  the  magnetized  needle  re- 
mains in  equUibrio ;  but  if  tliere  be  only  the  difference  of  a 
tenth  of  a  degree,  it  is  indicated  by  the  deviation  of  the  needle. 
Hence,  by  keeping  one  of  the  soldered  parts  at  a  constant 
and  known  temperature,  we  may,  by  means  of  a  table  which 
gives  the  relations  between  the  deviation  of  the  needle  and 
the  difference  of  temperature,  ascertain  that  of  the  other 
soldered  part  which  is  variable. 

In  men  and  animals,  whose  interior  temperature  is  much 
above  that  of  the  surrounding  air,  we  place  one  of  the  soldered 

Sarts  in  an  apparatus  having  a  constant  temperature  of  38 
egrees,  and  the  other  by  means  of  puncturation  is  admitted 
to  the  part  we  wish  to  explore. 

When  I  wished  to  apply  this  process  to  vegetables,  I  im- 
mediately saw  the  impossibility  of  using  an  apparatus  of  a 
constant  temperature,  on  account  of  the  slight  difference 
existing  between  the  temperature  of  the  air  and  that  of  vege- 
tables :  the  apparatus  used  for  animab  requiring  a  difference 
of  a  certain  number  of  degrees  to  be  employed  to  advantage. 

Being  anxious,  however,  to  resolve  the  question  with  regard 
to  vegelables,  as  I  had  done  in  conjunction  with  M*  Breschet 
that  respecting  animals,  I  requested  M.  de  Mirbel,  two  years 
ago,  to  join  me  in  making  experiments  at  the  '^  Jardin  des 
Plants."  He  accepted  my  proposition,  and  immediately 
placed  at  my  disposal  those  shrubs  which  were  likely  to  be 

*  From  the  Comptes  Rendus,  June  17,  1839.  Translated  by 
Mr.  J.  H.  Lang. 
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most  useful  to  us.  I  soon  perceived  the  difficulties  I  had  to 
overcome  in  attaining  the  aesired  end.  We  commenced  by 
piercing  one  of  the  shrubs  with  a  very  delicate  gimlet,  so  as 
to  introduce  one  of  the  solders.  The  needle  introduced  was 
soon  changed,  which  produced  an  electro-chemical  current. 
To  remedy  this  evil  the  needles  were  covered  with  several 
coats  of  gum-lac  varnish  ;  the  other  solder  remained  in  the  air, 
where  the  temperature  was,  to  all  appearances,  constant ;  but 
the  radiation  not  being  the  same  at  the  two  extremities,  the 
one  being  covered  with  the  ligneous  tissue,  and  the  other  in 
the  open  air,  there  resulted  very  complicated  efiects  which 
required  to  be  resolved,  as,  otherwise,  we  could  have  no 
means  of  ascertaining  the  temperature  of  the  vegetables.  M, 
de  Mirbel  proposed  that  I  should  operate  in  the  middle  of 
the  garden,  placing  the  apparatus  in  one  of  the  gardeners' 
cabins.  I  accept^  his  offer,  and  on  enterine  perceived  a 
tree  in  full  vegetation  (an  acacia  I  believe),  and  at  the  side  a 
branch  of  the  same  tree.  It  immediately  struck  me,  that  to 
avoid  the  difference  of  radiation  which  was  an  obstacle  to  the 
success  of  our  experiments,  we  might  put  one  of  the  solders 
in  the  living  and  the  other  in  the  dead  branch  of  Uie  same 
tree,  both  having  apparently  the  same  diameter.  This  ex- 
periment which  was  indicated  by  theory  succeeded  perfectly ; 
and  we  soon  perceived  a  difference  between  the  temperature 
of  the  living  and  that  of  the  dead  tree.  The  gardener  was 
commissioned  to  note  the  deviations  everv  two  hours ;  but  I 
perceived  the  next  day  that  notwithstandmg  his  intelligence 
he  had  made  so  many  errors  in  the  observations,  that  I  was 
oblieed  to  give  it  up ;  intending  to  return  to  it  when  I  had 
finished  some  labours  of  another  kind  which  I  had  already 
begun. 

The  next  year  M.  Dutrochet  asked  me  for  some  instructions 
on  the  means  to  be  employed  for  determining  the  temperature 
of  vegetables :  I  told  him  all  I  had  done  on  this  subject^ 
requesting  him  to  make  use  of  my  process  which  might  con- 
duct him  to  the  solution  of  the  question.  It  is  with  the 
greatest  pleasure  I  see  that  he  has  made  use  of  them,  and  the 
observations  already  collected  will  assist  the  process  of  vege- 
table physiology.  I  do  not  doubt  but  the  memoir  he  is  about 
to  publish  will  contain  only  the  details  I  have  just  communi- 
cated to  the  Academy ;  and  for  which  there  was  no  room  in 
the  short  paper  read  during  the  last  session. 
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XXIII.    Electricity.     Extract  of  a  letter  from  M.  Pbltier, 
in  reply  to  an  objection  of  M.  Parrot.* 

The  objection  of  M.  Parrot  having  been  only  indicated  in 
the  Compte  Rendu,  we  shall  only  announce  the  reply  of  M. 
Peltier.  The  letter  of  this  latter  philosopher  also  contains 
some  consideration Sy  independent  of  this  discussion^  and  these 
we  shall  here  mention. 

I  have  shown  in  former  communications,  says  M.  Peltier^ 
that  the  quantity  of  dynamic  electricity  is  proportional  to  the 
quantity  of  molecules  whose  equilibrium  has  been  disturbed. 
1  add  that  the  duration  of  the  electric  phenomena  is  equal  to 
that  of  the  passage  from  the  old  to  the  new  equilibrium,  and 
that  there  is  a  connexion  and  dependence  between  these  two 
states. 

I  have  also  stated,  that  the  currents  of  induction  increase 
as  the  magnetic  intensity  of  the  bars ;  I  have  since  found 
that  it  was  the  same  with  the  caloric,  when  placed  in  the 
shade  of  the  neutralization  in  return  for  the  quantities  we  wish 
to  measure.  It  now  remains  to  discover  whether  the  aug- 
mentation of  the  disturbing  force,  that  is  to  say,  whether  a 
more  intense  magnetism  or  a  greater  elevation  of  temperature, 
would  really  give  a  more  copious  current ;  or  whether,  on 
the  contrary,  the  phenomenon  of  quantity  was  not  the  pro* 
duct  of  the  electric  intefisity,  froni  tnis  power  overcoming  resis- 
tances, which  otherwise  would  oblige  more  electricity  to  be 
neutralized  by  the  direct  circuit.  To  arrive  at  the  complete  solu- 
tion of  this  question,  we  must  have  measuring  arcs,  of  a  perfect 
conductibility,  which  it  is  not  possible  for  us  to  obtain ;  but  by 
employing  very  short  circuits,  three  or  four  decimeters  at  most, 
we  can  show  that  the  first  degree  of  heat  gives  a  neater 
deviation  than  the  second,  the  second  than  the  third,  and 
so  on ;  that  the  difference  in  &vour  of  the  first  degree  is  as 
mucli  greater  as  the  resistance  of  the  circuit  is  less ;  and, 
consequently,  if  the  conductibility  be  perfect,  the  first  degree 
will  give  the  maximum  current  in  the  thermo-electric  circuit 
This  proves  also  that  the  intensity  of  the  disturbing  force 
does  not  increase  the  quantity  of  dynamic  electricity,  but 
^ives  to  the  quantity  produced  more  of  that  power  whidh  wfe 
call  intensity.  The  result  of  this  experiment  is,  tihat  the 
causes  which  do  not  change  the  nature  of  the  bodies,  as  heat 
and  induction,  act  like  piles,  in  which  the  intensity  increases 
as  the  number  of  pairs,  while  the  quantity  remains  the  same. 

♦  From  the  Comptes  Renduf,  June  17,  1837.    Translated  by 
Mr.  J.  H.  Lang. 
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This  similitude  of  effect  gives  the  ides^  that  there  is  between 
the  atoms  thus  disturbed,  as  between  the  pairs  of  a  pile,  a 
continuation  of  the  neutralization  of  the  two  electric  states ; 
and  which  leave  free  only  the  two  extreme  states,  positive  on 
the  one  side,  and  negative  on  the  other,  which  are  neutralized 
over  the  interposed  conductor. 

This  analogy  does  not  exist  when  the  force  of  preturbation 
changes  the  nature  of  the  substances,  as,  for  example,  chemical 
action.  The  atom  which  combines  immediately,  ceases  to 
form  part  of  the  body;  there  is  no  longer  solidity  between 
them  ;  each  molecule  produces  its  electric  phenomenon  insu* 
lated  and  complete,  which  has  no  influence  over  the  pheno- 
menon produced  by  the  neighbouring  molecule;  thus  the 
intensity  remains  the  same  with  a  feeble  or  strong  reaction, 
the  quantity  varies  only  because  there  is  a  greater  transfor- 
mation in  a  given  time. 

It  is  a  very  remarkable  particularity,  that  there  is  no  corres- 
ponding ratio  between  the  temperature  and  the  current.  We 
have  just  said  that  a  double  temperature  gives  the  dynamic 
electricity  a  double  intensity  of  power;  but  when  a  current 
traverses  a  metallic  wire,  and  it  is  made  to  increase  as  two  to 
one  of  its  powers,  the  temperature  of  the  wire  increases  as 
three  to  one  of  its  powers. 

XXIV.  Letter  from  M.  Bregnot,  inspector  of  buildings 
to  the  "  Hdtel  des  Invalides^*  to  M.  Arago,  on  the  thun^ 
der  cUip  which  struck  the  dome,  June  8M,  1839.* 

I  have  the  honour  to  enclose  you  some  particulars,  corrected 
from  those  very  inexact  ones,  sent  to  the  Academic  de 
Sciences,  by  M.  Leymerie,  of  the  effects  of  the  storm,  of 
Saturday,  June  8,  on  the  Royal  ^'H6tel  des  Invalides." 

It  is  true  the  thunderbolt  fell  on  the  dome  des  Invalides, 
and  that  in  consequence  of  the  fracture  of  one  of  the  metaUic 
chains  serving  as  a  conductor,  it  was  precipitated  into  a  small 
adjoining  court :  but  here  stops  the  correctness  of  the  details 
forwarded  by  M.  Leymerie. 

The  chain  was  perfectly  whole  and  very  solid,  six  days 
before  the  event.  It  was  visited  on  the  2d  of  Juiie,  by  the 
officers  of  the  buildings ;  and  the  fracture  being  about  the 
height  of  the  hand,  could  not  have  missed  being  seen. 

I  am  certain  that  it  was  broken  by  the  thunderbolt  itself, 
both  from  the  attentive  examination  made  on  the  2d  of  June, 
and  from  the  observation  made  immediately  after  the  storm. 
We  discovered  that  it  was  not  a  simple  solution  of  continuity, 

*  From  the  Comptes  Bendus,  June  17, 1839.  Translated  by 
Mr.  J.  H.  Lang. 
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which  woald  have  been  the  result  of  the  oxidation  of  the 
metal,  but  that  a  length  of  at  least  thirty  centimeters  (about 
I  ^inches)  ha^  been  broken  and  dispersed  into  an  infinite 
number  of  pieces  of  equal  lengths,  not  exceeding  forty  milli- 
meters (li  inch). 

This  chain  is  composed  of  about  twenty  iron  wires  twisted 
together.  At  the  parts  in  which  it  was  broken  it  passes  through 
an  iron  ring  or  collar,  fixed  in  the  wall ;  and,  without  doubt,  to 
diminish  the  effort  of  its  weight,  it  was  twisted  twice .  round 
this  collar.  This  arrangement  which  I  think  bad,  added  to 
the  angular  direction  the  chain  takes  at  this  place,  appears  to 
me  to  be  the  cause  of  the  fracture.  However,  these  things 
have  been  the  same  from  the  establishment  of  the  lightning 
conductors;  and  nothing  of  the  kind  has  ever  happened 
before. 
The  following  are  the  other  effects  of  the  electric  discharge : — 

1.  About  sixty  nails,  fixing  the  gilt  lead  about  the  lantern 
of  the  dome,  on  a  circumference  of  about  twenty  meters,*  and 
at  least  fifty  meters  above  the  spot  where  the  chain  was 
broken,  were  violently  torn  out  and  dispersed  in  all  directions. 

2.  The  lead  was  raised  by  the  displacement  of  these  nails, 
and  formed  projections  from  thirty  to  forty  millimeters. f 

3.  The  lead  surrounding  the  base  of  one  of  the  columns  of 
the  lantern  was  so  torn  off  that  we  could  not  find  the  least 
vestage  of  it ;  yet  there  was  no  sign  of  fusion  or  vitrification. 

4.  After  the  rupture  of  the  conducting  chain,  the  thunder- 
bolt struck  a  small  building  in  which  are  the  bath  rooms ;  it 
broke  into  four  pieces,  a  stone,  about  1"*,25  high,  0.30  wide, 
and  weighing  77  kilogrammes  (I901bs.),  which  it  hurled  4 
meters  from  the  wall  against  which  it  was  leaning. 

It  is  remarkable  that  this  stone  was  not  attach^  to  the  wall 
by  a  metallic  connexion,  but  it  hid  the  orifice  of  a  leaden  pipe, 
used  for  discharging  the  water  from  the  reservoir  of  the  baths. 

5.  On  the  right,  as  you  frice  this  stone,  is  a  door  leading 
into  the  bath  rooms.  This  door  was  open  at  the  time  the 
thunderbolt  fell;  and  although  the  place  contained  twenty 
copper  bath  tubs,  cocks,  pipes,  and  pump  apparatus,  the 
lightning  did  not  enter  it.  The  bath  keeper  was  standing  at 
this  door  and  felt  nothing  but  a  very  natural  fright,  as  he 
was  not  50  centimeters  from  the  stone  which  was  struck. 

6.  On  the  right  (looking  at  the  door),  is  a  window  defended 
by  a  square  iron  grating.  The  four  great  squares  of  this 
window  were  broken  in  pieces;  the  largest  of  which  was 
scarcely  two  centimeters  wide. 

*  Each  metre  is  upwards  of  39  inches. 

+  Each  millimeter  is  upwards  of '0397  of  an  inch. 
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*  7.  Several  other  squares  were  broken ;  but  I  think  this  ought 
to  be  attributed  more  to  the  shock  than  any  regular  action. 

8.  Finally,  on  the  roof  of  this  building,  above  the  entrance 
door  of  the  bath  room,  several  of  the  slates  were  pierced  with 
holes  as  if  there  had  been  a  discharge  of  erape  slu>t. 

These  are  the  details  of  the  effects  produced  by  this  storm. 
My  relation,  though  rather  long,  if  it  have  no  other  merits,  has 
that  of  being  exact  and  conscientious.  The  assertion  of  a 
solution  in  the  continuity  of  the  conductor  previous  to  the 
storm,  and  the  testimony  brought  to  support  it,  are  not 
worthy  of  belief. 

We  shall  return  to  the  thunderbolt  of  the  Invalides,  and 
the  consecjuences  likely  to  flow  from  it,  as  soon  as  we  have 
received  different  docimients  of  which  we  are  in  expectation. 

XXV.  Account  of  a  Tornado,  which,  towards  the  end  of 
Augtut,  183S,  passed  over  the  city  of  Providence,  in  the 
state  of  Rhode  Island,  and  afterwards  over  a  part  of  the 
Village  of  Somerset.  Also  an  Extract  of  a  Letter  on  the 
same  subject  from  2kxhariah  Allen,  Esq.,  of  the  city  of 
Providence.* 

Communicated  by  Robert  Hare,  M.  D^  Professor  of  Chemistry  in 
the  University  of  Pennsylvania.     Read  October^,  1838. 

I  propose  to  lay  before  the  Society,  for  a  place  in  their 
Transactions,  an  account  of  a  tornado  which  occurred  in  the 
state  of  Rhode  Island,  towards  the  end  of  Au^st  last. 

This  phenomenon  was  first  observed  near  Providence,  over 
the  south  western  suburbs  which  it  passed  in  a  course  s^enerally 
from  west  by  north,  to  south  by  east.  Only  a  few  days  sub- 
sequently I  visited  some  of  the  most  remarkable  scenes  of  its 
ravages. 

The  characteristics  of  this  tornado,  from  all  that  I  could 
see  or  hear,  are  quite  similar  to  those  of  the  tornado  which 
occurred  at  New  Brunswick,  New  Jersey,  in  June,  1835,  and 
to  which  I  referred  in  my  paper  upon  the  causes  of  tornadoes 
and  water-spouts,  published  in  the  sixth  volume  of  the  Society's 
Transactions.t 

This  recent  tornado  was  advantageously  seen  by  J.  L.  Til- 
linghast,  Esq.,  from  a  window  of  his  mansion,  which  is  so 
situated,  on  tne  brow  of  a  hill  on  the  eastern  side  of  the  city 
of  Providence,  as  to  afford  an  unobstructed  view  of  the  coun- 
try opposite.     Mr.  Tillinghast  alleges  that  his  attention  was 

*  From  the  Transactions  of  the  A  merican  Philosophical  Society 
at  Philadelphia. 

+  The  New  Brunswick  Tornado  is  described  at  p.  W5,  VoL  11. 
of  these  Annals. 
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at  first  attracted  \rf  seeing  to  the  westward  a  huge  inverted 
cone,  of  extremely  dark  vapour,  which  extended  from  the 
clouds  to  the  earth.  In  the  contortions  and  spiral  movements 
of  its  lower  extremity,  this  cone  was  conceived  to  resemble 
the  proboscis  of  an  enormouael^hant,  moving  about  in  search 
of  food.  Sometimes  it  was  elongated  so  as  to  reach  the 
ground ;  at  others  it  skipped  over  the  intervening  space  with- 
out touching  it ;  but  at  each  contact  with  the  terrestrial  sur- 
face, or  bodies  resting  thereon,  a  cloud  of  dust,  intermingled 
with  their  fragments,  was  seen  to  rise  within  the  vortex.  To 
those  who  were  sufficiently  near  to  the  meteor,  a  fearful  ex- 
planation of  these  appearances  was  simultaneously  evident. 
I^onds  were  partially  exhausted.  Trees  uprooted  or  deprived 
«f  their  leaves  or  branches.  Houses  were  unroofed,  or  uplifted 
and  then  dashed  to  pieces.  Farms  were  robbed  of  their 
grain,  potatoes,  fruit-trees,  or  poultry:  nor  were  human  beings 
'secure  from  being  carried  aloft,  and  more  or  less  injured  by 
subsequent  descent.  It  was  alleged  that  at  Somerset  two 
women  were  carried  from  a  waggon  over  a  wall,  into  an 
adjoining  field.  Within  the  same  village  a  cellar  doorframe, 
with  its  doors  bolted,  was  lifted,  and  then  deposited  on  one 
side  of  its  previous  position;  although  situated  to  windward 
of  the  mansion  to  which  it  belonged.  This  result  was  the 
more  striking,  because,  in  consequence  of  their  presenting  an 
inclined  plane  to  the  blast,  the  doors  and  their  frames  would 
have  been  pressed  more  firmly  upon  their  foundation  by  an 
^ordinary  wind.  In  consequence  of  the  same  dilatation  of  the 
air  within  the  house,  which  lifted  the  cellar  door,  the  weather- 
boarding  on  the  leeward  side  was  burst  open,  while  that  to 
•the  windward  was  undisturbed. 

About  four  o'clock  on  the  afternoon  during  which  this 
tornado  passed  near  Providence,  there  was  heara  at  the  ferm 
at  which  I  resided,  twenty-five  miles  south  of  Providence  and 
about  fifteen  miles  from  Somerset,  the  loudest  thunder  which  I 
ever  heard.  It  made  the  house  in  which  I  was  tremble  sensibly. 

I  have  received  from  an  estimable  friend,  Mr.  Allen,  a 
most  interesting  account  of  this  tornado,  which  passed  over 
the  river,  and  there  produced  the  appearance  oi  a  water-spout, 
while  he  was  sufficiently  near  for  accurate  observation.  In 
one  respect  his  narrative  tends  to  justify  my  opinion,  that  the 
exciting  cause  of  tornadoes  is  electrical  attraction.  In  two 
instances  in  which  flashes  of  lightning  proceeded  from  the 
water,  Mr.  Allen  remarked  that  the  effervescence  produced 
by  die  tornado  in  ttiw  water  very  perceptibly  subsided.* 

«  6ee  Essay  on  the  Cause  of  Tornadoes  or  Water-spouts  in  sixth 
vol.  American  Philosophical  Transactions,  or  in  Silliman's  Journal, 
vol.  S9,  for  18S7,  and  at  p.  195,  VoL  II.  of  these  Annals. 
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Extract  from  a  Letter  written  by  Zachariah  Allen,  Eeq.y 
of  Providence. 

"  It  was  about  three  o'clock,  P.  M.,  doriBg  a  violent  shower, 
that  I  observed  a  peculiarly  black  cloud  to  form  in  the  midst 
of  light,  fleecy  clouds,  and  to  assume  a  portentous  appearance 
in  the  heavens,  having  a  long,  dark,  tapering  cone  oi  vapour 
extending  from  it  to  the  surface  of  the  earth.  The  form  of 
this  black  cloud,  and  of  the  cone  of  vapour  depending  from  it 
so  nearly  resembled  the  engraved  pictures  of  *  water-spouts' 
above  the  ocean,  which  I  bad  frequently  seen,  that  1  should 
have  come  speedily  to  the  conclusion  that  <me  of  these  '  water- 
qxHits'  was  approaching,  had  I  not  been  aware  that  this 
I^enomenon  occupied  a  space  in  the  heavens  directly  above  a 
dry  plain  of  land.  Whilst  attentively  watching  the  progress 
of  the  cloud,  with  its  portentous  dark  cone  traiUng  its  point 
in  contact  with  the  surface  of  the  earth,  I  noticed  numerous 
black  specks,  resembling  flocks  of  blackbirds  on  the  wing, 
diverging  from  the  under  surface  of  the  clouds,  at  a  great 
elevation  in  the  air,  and  falling  to  the  ground.  Am<mg  these 
were  some  objects  of  larger  size,  which  I  could  discern  to  be 
frtigments  of  boards,  sailing  off  obliquely  in  their  descent, 
llus  alarming  indication  lefit  no  room  for  aoubt  that  a  violent 
tornado  was  fast  approaching,  and  that  these  distant,  dark 
specks  were  fragments  of  shmgles  and  boards  uplifited  high 
in  the  air,  and  left  to  £bJ1,  from  the  outer  edge  of  the  black 
conical  cloud.  This  fearful  appearance  was  repeatedly  ex- 
hibited, as  often  as  the  tornado  passed  over  buildings. 

^'llie  whirlwind  soon  swept  towards  an  extensive  range  of 
buildings,  within  a  few  yards  of  me,  the  roof  of  which  appeared 
to  open  at  the  top,  and  to  be'  unified  for  a  moment.  The 
whcde  fabric  then  sunk  into  a  confused  mass  of  moving  rub- 
bish, and  became  indistinctly  visible  amid  the  cloud  that 
overmread  it,  as  with  a  mantle  of  mist. 

'^The  destructive  force  of  the  tornado  now  became  not 
only  apparent  to  the  eye,  but  also  fearfully  terrific,  from  the 
deafening  crash  of  breaking  boards  and  timbers,  stcgrtling  the 
amazed  spectator  in  alarm  f^  his  personal  safety,  amid  the 
roar  of  the  whirlwind,  and  the  shattered  fragments  flying  like 
deadly  missiles  near  him.  At  one  instant,  when  the  point  of 
the  dark  cone  of  cloud  passed  over  the  prostrate  wreck  of 
the  building,  the  fragments  seemed  to  be  upheaved,  as  if  by 
ihe  explosion  of  gunpowder,  and  I  actually  oecame  intensely 
excited  with  the  fear  that  the  moving  mass  might  direct  its 
anarch  toward  the  open  area  of  the  yard,  to  which  I  had 
resorted,  after  abandoning  a  building  in  which  I  had  previously 
found  shelter. 
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^*  Fortunately  the  course  of  the  tornado  was  not  over  the 
building  used  as  a  depot  by  the  Stonington  Railroad  Company 
in  Providence^  where  there  was  a  numerous  assemblage  of 
passengers  awaiting  the  departure  of  the  cars;  otherwise 
several  lives  might  have  been  lost. 

"  The  most  interesting  appearance  was  exhibited  when  the 
tornado  left  the  shore,  and  struck  the  sur&ce  of  the  adjacent 
river.  Being  within  a  few  yards  of  this  spot^  I  had  an  oppor- 
tunity of  accurately  noting  the  efiects  produced  on  the  surfsice 
of  the  water. 

'^  The  circle  formed  by  the  tornado  on  the  foaming  water 
was  about  three  hundred  feet  in  diameter.  Within  this  cir- 
cle the  water  appeared  to  be  in  commotion^  like  that  in  a 
huge  boiling  cauldron ;  and  misty  vapours,  resembling  steam, 
rapidly  arose  from  the  surface,  and  entering  the  whirling 
vortex,  at  times  veiled  from  sight  thet;entre  of  the  circle,  and 
the  lower  extremity  of  the  overhangins^  cone  of  dark  vapour. 
Amid  all  the  aeitation  of  the  water  and  the  air  about  it,  this 
cone  continued  unbroken,  although  it  swerved  and  swung 
around,  with  a  movement  resembling  that  of  the  trunk  of  an 
elephant  whilst  that  animal  is  in  the  act  of  depressing  it  to 
the  ground  to  pick  up  some  minute  object.  In  truth,  the 
tapering  form,  as  well  as  the  vibrating  movements  ef  the 
extremity  of  this  cone  of  vapour,  bore  a  striking  resemblance 
to  those  of  the  trunk  of  that  great  animal. 

"  Whilst  passing  off  over  the  water,  a  distant  view  of  the 
cloud  might  have  induced  the  spectator  to  compare  its  form 
to  that  of  a  huge  umbrella  suspended  in  the  heavens,  with  the 
column  of  vapour  representing  the  handle,  descending  and 
dippinff  into  the  foam  of  the  billows.  The  waves  heaved  and 
swelled,  whenever  the  point  of  this  cone  passed  over  them, 
apparently  as  if  some  magical  spell  were  acting  upon  them 
by  the  effect  of  enchantment.  Tkvice  /noticed  a  gleam  of 
lightning,  or  of  electric  fluid y  to  dart  through  the  column  of 
vapoury  which  served  03  a  conductor  for  it  to  ascend  from 
the  water  to  the  cloud.  After  the  Jlash  the  foam  of  the 
water  seemed  immediately  to  diminish  for  a  moment ^  as  if 
the  discharge  of  the  electric  fluid  had  served  to  calm  the 
excitement  on  its  agitated  surface. 

"  The  progress  of  the  tornado  was  nearly  in  a  straight  line, 
following  the  direction  of  the  wind^  with  a  velocity  of  perhaps 
eight  or  ten  miles  per  hour. 

^'  Near  as  I  was  to  the  exterior  edge  of  the  circle  of  the 
tornado,  I  felt  no  extraordinary  gust  of  wind;  but  noticed 
that  the  breeze  continued  to  blow  uninterruptedly  from  the 
same  quarter  from  which  it  prevailed  before  the  tornado 
occurred. 
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"  I  also  particularly  observed  that  there  was  no  perceptible 
inorease  oi  temperature  of  the  air  adjacent  to  the  edge  of  the 
whirlwind,  which  might  have  caused  an  ascending  current  by 
a  rarefaction  of  a  portion  of  the  atmosphere.  After  passing 
over  the  sheet  of  water,  and  gaining  the  shore,  I  observed  the 
shingles  and  fragments  of  a  bam  to  be  elevated  and  dispersed 
high  in  the  air ;  and  the  dark  cloud  continued  to  maintain 
the  same  appearance  which  it  at  first  presented,  until  it  passed 
away  beyond  the  scope  of  a  distinct  vision  of  its  misty  out- 
lines. 

**  TTie  above  imperfect  sketch  can  convey  to  your  mind 
only  a  feeble  impression  <^  this  exciting  scene,  which  in 
passing  before  me  excited  just  enough  of  terror  to  impart  to 
the  spectacle  the  most  awful  sense  of  the  power,  sublimity, 
and  grandeur  of  the  Almighty,  as  described  in  the  glowing 
words  of  the  Psaluaist.  ^  He  bowed  the  heavens  also,  and 
came  down ;  and  darkness  was  under  his  feet ;  and  he  did  fly 
upon  the  wings  of  the  wind.  He  made  darkness  his  secret 
place ;  his  pavilion  round  about  him  were  dark  waters  and 
thick  clouds  of  the  skies.' " 


XXVI.    On  various  Electrical  Apparatus,  8fc.  By  Charles 
Barker,  Esq.     In  a  letter  to  the  Editor, 

Sir, 
Should  the  following  remarks  be  worth  a  place  in  your  next 
number,  you  will  perhaps  oblige  me  so  far  as  to  insert  them^ 
first  :— 

With  regard  to  the  Leyden  Jar, 

I  have  for  some  time  past  adopted  a  plan  which  answers 
welL  I  pass  the  tube,  communicating  with  the  inside  coating, 
through  a  glass  tube,  extending  above  and  below  the  cover 
about  six  inches.  The  cover  is  thus  insulated  from  the  inside 
coating ;  whilst,  at  the  same  time,  I  have  the  advantage  of 
the  stability  which  it  gives  the  wire,  and  also  the  exclusion 
of  all  dust.  My  battery  will  thus  retain  its  charge  for  days : 
thanks,  however,  in  some  measure,  to  Dr.  Amott,  Fig  7, 
Plate  V,  will  show  the  plan. 

TTie  Universal  Discharger. 

I  have  made  a  little  improvement  in  this  instrument.  As  at 
present  made  you  cannot  mtroduce  anything  between  its  arms 
widex  than  the  distance  will  admit  of;  but  I  cause  that  part 
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of  tlwalMKly  wUeh  sopports  the  iiuialated  discharging  arms, 
to  slide  oat  as  shown  in  fig  8.  It  is  very  convenient  in  manj 
respects. 

The  revolving  Spotted  Fly. 

In  Number  2  of  the  Annals  you  describe  ^'a  brilliant  expe- 
riment for  the  lecture  table/'  and  which  I  find  the  opticians 
make  for  the  moderate  sum  of  five  pounds.  With  the  permis* 
sion  of  my  friend^  Mr.  Nicholson,  of  Fareham^  I  can  describe  a 
better  one,  and  which  may  be  made  for  less  than  as  many 
pence,  and  which  will  work,  I  can  confidently  say,  much  bet- 
ter. Mr.  Nicholson  invented  it  six  or  seven  years  ago ;  and 
I  then  mentioned  it  to  the  leading  opticians  in  town :  amongst 
whom  I  may  mention  Messrs  Jones»  of  Holborn,  who  mwle 
it  to  my  order  for  seven  shillings.  I  am  thus  particular 
because  I  had  just  seen  a  book  called  the  '^  Experimental 
Philosopher,^*  in  which  the  exp^iment  is  mentioned  and 
claimed  by  the  author,  Mr.  Mullmger  Higgins,  as  his.  It  is 
true  that  at  page  ^19  of  his  work,  he  says,  that  at  has  been 
described  to  him  as  my  invention,  but  tiiia  comes  a/ter  th^ 
paragraph  suggesting  it  as  his  own.  If  the  experiment  is 
really  original  with  him,  it  is  certainly  curious  to  remark  the 
singulf^r  similarity  between  them.  When  my  friend,  Mr. 
Nicholson,  first  made  the  experiment  nearly,  or  quite,  seven 
years  ago,  he  placed  it  horizontally ;  but  when  made  vertically, 
it  is  seen  much  better  oh  the  lecture  table,  as  shown  in  fig. 
9 ;  which  will  explain  the  way  of  showing  it  I  may  just 
observe  that  it  works  much  better  if  placed  on  an  insulated 
stand  and  thus  driven  by  sparks  instead  of  being  direotly 
connected  with  the  conductor.  The  same  plan  of  the  insu- 
lated stand,  answers  also  much  better  for  exhibiting  the 
common  electrical  fly ;  which  if  thus  placed,  and  the  points 
greased,  as  mentioned,  I  think,  by  Singer,  forms  a  very  pretty 
experiment,  as  you  thus  get  a  dotted  circle  of  lights  and 
by  varying  the  length  of  the  sparks,  you  may  diversify  the 
experiment  very  well.  I  can  assure  you  it  is  well  worth  try- 
ing.    The  instrument  is  represented  by  fig.  9. 

Revolving  Spiral  Tube* 

Fig.  10  represents  my  improved  plan  of  the  revolving  spiral 
tube.  It  is  made  of  a  glass  tube  blown  nice  and  round  at  one 
end,  and  open  at  the  other;  ten  inches  long,  and  three- 
Quarters  diameter.  A  ball  or  a  piece  of  smooth  tinfoil  is 
nxed  at  the  upper  closed  end,  and  the  usual  spots  of  tinfoil 
carried  in  a  spiral  form  to  the  lower  open  end.  A  wooden 
ring  is  cemented  on  the  outside  of  the  lower  end  of  the  tube 
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and  a  strip  of  foil  pasted  round  it.  From  this  ring,  and 
touching  the  tinfoil,  four  wires  project  outwards,  having  theii 
points  bent  at  right  angles  in  the  usual  way.  The  tube  is 
then  set  on  an  u{»right  wire  which  passes  upwards  into  the 
tobe  to  its  top,  and  this  wire  is  then  set  on  an  insulated  stand. 
It  can  thus  revolve  with  great  ease ;  the  expense  is  a  mere 
trifle ;  and  it  answers  well. 

The  Spotted  Jar. 

In  the  Annals,  for  June,  1838,  a  correspondent  asks  ^*  how  is 
it  when  a  jar  is  coated  in  the  usual  way  on  the  inside,  and 
spotted  on  the  outside,  you  do  not  see  the  sparks  on  its  out- 
side when  charging  T  i  have  tried  the  experiment  and  can 
only  say  that,  as  I  had  anticipated,  I  did  see  the  sparks  pass* 
ing  as  usual. 

The  Falling  Star. 

In  the  Annals,  for  April,  1837,  a  correspondent  requests 
information  as  to  this  experiment  The  jnincipal  requisites 
are  to  have  the  jar  intensely  charged,  and  the  tube  exhausted 
to  a  certain  extent.  My  tube  is  six  feet  long,  and  four  inches 
diameter,  and  I  use  a  jar  having  five  square  feet  of  coatingi 
A  friend  works  the  air  pump,  whilst  I  occasionally  try  to  pass 
the  charge  down,  when  at  a  certain  degree  of  exhaustion  it 
does  so,  in  a  most  brilliant  line  of  white  liffht.  In  order  to 
avoid  the  injury  of  the  sharpe  edged  cylindrical  caps,  which 
throw  off  the  electric  fluid,  in  this  and  similar  electric  expe- 
riments, I  have  all  my  apparatus  fitted  with  wooden  rings, 
which  cover  such  edges. 

On  the  identity  between  Electricity  and  the  Aurora. 

When  electricity  is  passed  down  a  perfectly  exhausted  tube 
it  presents  the  appearance,  and  is  a  close  imitation,  of  the 
aarora ;  and  is,  I  believe,  supposed  to  be  one  and  the  same 
thing.  As  the  aurora  is  only  electricity  on  a  larger  scale, 
passing  through  an  attenuated  atmosphere,  they  should  {mto- 
duoe  similar  effects.  Now,  the  aurora  deflects  the  magnetic 
needle ;  and  the  passage  of  electricity  down  a  vacuum  should 
do  the  same.  I  take  aglaestube  three  feet  long,  and  two  inches 
diameter,  mounted  with  caps  and  a  valve,  as  usual,  so  that  it 
may  be  exhausted.  Round  the  centre  of  this  tube,  and  ten 
inches  from  either  end,  I  wind  one  hundred  and  eighty  feet  of 
covered  copper  wire  ;  the  two  final  extremities  of  which  are 
connected  with  a  galvanometer:  see  fig.  11.  The  tube  is 
insulated,  and  has  one  end  connected  with  the  outer  coating 
9f  a  battery,  of  fifty  square  feet;  and  the  other  end,  with  an 
insulated  discharger,  oy  means  of  a  long  wet  thread.     The 
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battery  being  charged  and  the  tube  exhausted,  I  connect  one 
end,  by  means  of  the  wet  thread,  with  the  battery,  for  the 
space  of  five  seconds,  then  remove  for  the  same  time,  then 
again  apply  it,  and  so  on  in  the  manner  mentioned  by  Dr. 
Faraday,  in  his  Researches.  The  needle  is  soon  deflected 
nearly  30°.     I  believe  this  is  new. 

Now,  allow  me  to  make  a  few  remarks  on  the  common 
electric  machine.  It  is  generally  admitted  that  the  plate  is 
more  powerful  than  the  cylinder ;  but  as  the  plate  is  generally 
inverted  you  cannot  obtain  the  negative  electricity,  so  that 
in  this  respect  the  cylinder  is  preferable.  When,  however, 
the  plate  is  inverted  on  the  plan  of  Mr.  Harris,  of  Plymouth, 

^ou  can  readily  obtain  both  positive  and  negative  electricity. 

t  is  both  powerful  in  action  and  elegant  in  appearance ;  and 
yet  we  see  works  on  the  subiect  constantly  appearing,  in  which 
the  writers  say  the  best  machine,  &c.  for  the  experimentalist,  is 
the  cylinder.  My  electrical  machine,  constructed  by  Watkins 
and  Hill,  is  a  double  three  feet  plate  on  Harris's  plan,  and 
I  can  safely  say  that  its  effects  are  most  powerfel,  far  more 
than  any  I  ever  yet  saw.  One  turn  will  give  from  fifteen  to 
eighteen  sparks  one  inch  long,  passing  between  balls  one 
inch  and  a  quarter  diameter.  It  has  four  pair  of  rubbers ; 
and  I  will  venture  to  say,  that  no  one  will  readily  take  two 
sparks  from  the  conductor. 

Can  you  inform  me  how  to  coat  the  inside  of  large  carboys, 
so  as  to  make  them  Leyden  jars?* 

Your  obliged, 
CHARLES  BARKER. 
Gosport,  July,  8, 18.S9. 


*  The  method  which  I  have  employed  to  line  narrow  necked 
bottles  with  metal  is  similar  to  that  of  silvering  the  inside  of  glass 
fflobes  for  mirrors.  Melt  equal  parts  of  lead  and  tin,  and  whilst 
nised  add  quicksilver  enough  to  keep  the  whole  fluid  whilst  warm ; 
and  in  this  condition  pour  it  into  the  bottle  or  carboy,  turning  the 
latter  round  and  round  in  various  ways  till  the  whole  of  the  inside 
be  covered  with  the  amalgam. 

A  little  bismutli  added  to  the  other  metals  keeps  the  whole  fluid 
at  a  low  temperature,  which  is  an  advantage.  This  is  the  best 
method  with  which  I  am  acquainted.  The  bottles  may  be  lined  up 
to  the  orifice  of  the  neck.  Metallic  filings  never  do  well  for  lining 
an  electrical  jar.  I  think  that  I  first  saw  this  plan  practised  by  Mr, 
Marsh.     Edit. 


Digitized  by  VjOOQ IC 


The  Daguerre  Secret.  725 

XX VI  I.     Fine  Arts.— The  Daguerre  Secret. 

At  the  weekly  sitting  of  the  Academy  of  Sciences,  on  Mon* 
day,  Aug.  19,  the  process  of  M.  Daguerre,  for  the  formation  of 
photogenic  drawings,  was,  as  had  been  previously  announced, 
communicated  to  the  public.  From  an  early  hour  all  the 
seats  allotted  to  the  public  were  occupied ;  and  upwards  of 
200  persons,  disappointed  of  gaining  admission,  were  stationed 
in  a  crowd  in  a  court  of  the  Institute,  and  formed  a  kind  of 
scientific  emeute.  Every  body  was  anxious  to  hear  the  secret, 
every  body  to  catch  the  mot ;  all  were  desirous  of  leaminflr 
whether  their  own  scientific  conjectures  would  be  confirmea 
or  not. 

At  three  o'clock,  M.  Arago  commenced  his  explanation. 
We  shall  not  attempt  to  follow  the  great  savant  tlurough  all 
the  details  of  his  long  statement,  a  large  proportion  of  which 
related  to  the  history  of  the  discovery, — a  subject  already 
pretty  well  known  to  the  public :  and  we  shall  only  mention 
as  much  oi  that  part  of  it  as  belongs  to  Messrs.  Niepce  and 
Daguerre.  In  a  similar  manner,  our  account  of  the  process 
itself  will  be  brief:  both  because  M.  Arago  was  obliged  to 
give  only  a  r6sumi  of  it,  and  because  it  is  announced  that,  in 
a  few  days'  time  the  documents  communicated  by  M. 
Daguerre,  under  seal  to  the  Committee  of  the  Deputies,  on 
his  grant,  will  be  published,  and  the  inventor  himself  will 
give  a  series  of  public  representations  of  the  actual  perform- 
ance  of  his  method. 

M.  Arago,  after  alluding  to  the  history  of  the  camera 
obscura,  originally  discovered  by  Porta,  a  Neapolitan  chemist, 
reminded  the  Academy  that,  as  early  as  1566,  the  influence 
of  light  on  what  the  alchemists  termed  lune  or  argent  com4 
(chlorure  of  silver),  had  been  observed,  and  was  mentioned 
in  the  work  of  Frabicius.  A  Frenchman,  named  Charles,  at 
the  commencement  of  the  present  century,  had  made  use  of  a 
sensitive  paper  for  the  tracing  of  outlines,  by  the  action  of 
light,  but  had  died  without  leavine  any  account  of  his  method. 
After  this  came  the  memoir  of  Wedge  wood,  of  1802,  &c. ;  a 
part  of  the  history  of  the  discovery  too  well  known  to  need 
repetition.  The  late  M.  Niepce,  M.  Arago  proceeded  to 
state,  was  living  near  Cbilons-sur-Sadne,  occupied  in  scien- 
tific pursuits,  and  appeared  to  have  commenced  his  photogra- 
phic experiments  in  1814.  His  first  connexion  with  M. 
Daguerre  commenced  in  1826,  when,  through  information 
received  from  an  optician  at  Paris,  he  learned  that  this  gentle- 
man was  engaged  in  an  independent  series  of  photogenic 
researches,  and  especially  in  trying  to  fix  the  images  of  the 
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camera  obscure.  They  associated  their  labour9  in  1829,  after 
M.  Niepce  had  visited  London  in  1828,  and  had  presented 
his  memoir  on  his  photogenic  discoveries  to  the  Roycd  Society. 
It  is  proved  that  for  the  photographic  copying  of  engravings, 
and  &r  the  formation  of  plates  for  engravers,  in  an  advanced 
state  of  preparatory  sketching  of  the  subject,  this  gentleman 
was,  in  1826,  possessed  of  the  secret  of  making  shaaes  corres^ 
pond  to  shades,  light  parts  to  lights,  demi-tints  to  demi-tints, 
&c.;  and  that  he  also  knew  how  to  make  his  drawings  sopro- 
4uced  insensible  to  the  ulterior  action  of  light.  The  act  of 
partnership^  drawn  up  between  M.  Diepce  and  M.  Daguerre, 
and  which  afterwards  stood  good  between  his  son  and  the 
latter  eentleman,  states  that  some  entirely  new  methods  had 
been  discovered  by  M.  Daguerre,  and  that  they  had  the  ad- 
vantage of  being  able  to  reproduce  images  from  sixty  to  eighty 
times  more  rapidly  than  by  the  processes  previously  adopted. 

It  appears  that  M.  Niepce,  in  his  own  photographic 
researches,  had  first  made  uae  of  a  sheet  of  silver  covered  with 
the  purest  bitumen  (called,  in  France,  Bitutne  de  J%Ld4e\ 
which  had  been  previously  dissolved  in  oil  of  lavender.  He 
used  to  heat  this  sheet  of  silver  till  the  oil  was  completely 
evaporated,  and  only  a  kind  of  whitish  powder  remainded  ad* 
hering  to  the  surface.  He  then  placed  the  sheets  so  prepared 
in  the  focus  of  the  camera  obscura,  and  obtained  the  image  of 
the  object ;  but  the  trace  was  hardly  visible.  To  obviate  this 
imperrection,  M.  Niepce  next  thought  of  plunging  the  sheet, 
when  removed  from  the  camera  obscura,  into  a  mixture  of  oil 
of  lavender  and  oil  of  petroleum, — a  method  that  succeeded 
and  augured  still  further  improvement ;  for  the  image  became 
visible  like  an  ordinary  engraving,  and  on  washing  the  sheet 
with  distilled  water,  left  the  representation  permanent  As 
a  further  improvement  of  this,  M.  Niepoe  used  a  new  mixture 
of  sulphuret  of  potassium  and  iodine;  but  the  light  acted  very 
slowly  upon  it,  and  th^  iodine,  spreading  itself  over  the  surface, 
rendered  the  image  confused  and  obscure.  The  oil  of  petro<> 
leum,  first  used  by  this  gentleman,  was  fi)und  to  have  the 
property  of  attaching  those  points  of  the  metallic  surface, 
which  had  been  preserved  m>m  the  action  of  light  by  the 
shades,  while  it  was  of  no  effect  on  those  parts  touched  by  the 
solar  rays. 

It  was  at  this  stage  of  the  invention  that  M.  Dagu^rre's 
labours  were  joined  to  those  of  Niepce ,-  and  it  is  only  after  a 
long  series  of  experiments,  carried  on  with  unwearied  perse- 
verance for  many  years,  that,  after  M.  Niepce's  death,  M« 
Daguerre  has  at  length  resolved  the  problefn  to  its  present 
extent.     We  omit  the  history  of  these  experiments,  and  pass 
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on  at  once  to  the  actual  process  as  is  now  ased  by  its  author. 
A  sheet  of  copper,  plated  with  silver,  is  washed  carefully  ia 
a  solution  of  nitric  acid,  which  removes  from  it  all  the  extra« 
neoua  mutters  on  its  surface,  and  especially  any  traces  of  cop- 
per from  the  silver  surfiace.  A  slight  degree  of  friction  is 
requisite  in  this  process,  but  it  must  not  be  applied  always  in 
the  same  direction.  M.  Daguerre  has  observed,  that  with 
the  friction  used  in  a  particular  manner,  a  sheet  of  copper 
thus  plated  with  silver  auswered  better  than  a  sheet  of  silver 
alone ;  and  he  infers  from  this,  that  voltaic  agency  is  not 
imconnected  with  the  effect  When  the  sheet  is  thus  pre- 
pared, it  is  placed  in  a  closed  box  and  exposed  to  the  vapour 
of  iodine.  This  vapour  is  made  to  pass  through  a  very  fine 
sheet  of  gause,  to  render  its  distribution  more  equable  over 
the  surface  of  the  silver,  and  in  order  to  effect  this  object 
(which  is  quite  indispensable)  more  certainly,  the  sheet  has  a 
small  metallic  rim  raised  round  all  its  edges.  A  thin  coating, 
of  a  yellow  colour^  is  thus  formed  on  the  surfece  of  the  sheet, 
which  is  estimated  by  M.  Dumas  at  not  more  than  the 
millUmth  part  of  a  millimetre  in  thickness.  The  sheet,  when 
covered  with  this  substance,  is  of  the  most  excessive  sensi^ 
bility  to  light ;  and  is  thus  ready  for  the  camera  obscura.  M . 
Daguerre,  in  the  instrument  which  he  uses,  employs  a  piece 
of  unpolished  glass,  which  he  brings  first  of  all  into  the  focus 
of  the  lens,  in  order  to  determine  the  exact  point  at  which  the 
sheet  should  be  placed ;  and,  as  soon  as  this  is  determined, 
the  sheet  is  placed  accordingly.  A  few  seconds,  or  minutes, 
according  to  the  time  of  day,  the  state  of  the  atmosphere, 
&c.,  suffice  for  forming  the  photogenic  image ;  but  it  is  hardly, 
if  it  all  visible  on  the  surface  of  the  sheet.  To  make  it  so^ 
the  sheet  is  placed  in  another  box,  and  exposed  to  the  vapour 
of  mercury,  heated  at  60°  Reaumur,  or  167°  of  Fahrenheit. 
One  of  the  most  curious  circumstances  attending.this  part  of 
the  process  is,  that  the  mercury  must  act  at  a  certain  angle. 
If  the  drawing  is  intended  to  be  seen  vertically,  it  must  be 
suspended  over  the  mercury  at  an  angle  of  45°  ;  if  it  is  to  be 
seen  at  an  angle  of  45°,  it  must  be  suspended  horizontally. 
On  being  taken  out  from  the  mercury-bath,  the  sheet  in 
jdonged  into  another  bath  of  the  hypo-sulphite  of  soda ;  thid 
solution  attacking  the  parts  upon  which  the  light  has  not  been 
able  to  act,  and  respecting  the  light  parts, — being  the  very 
inverse  of  the  action  of  the  mercury.  It  may  be  supposed, 
therefore,  observed  M.  Arago,  that  the  light  parts  of  the 
image  are  formed  by  an  amalgamation  of  mercury  and  silver, 
and  the  dark  parts  by  a  sulphuret  of  silver,  at  the  expense  d 
the  hypo-sulphite  of  soda«     M.  Arago  observed,  that  nu  satis- 
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factory  reason  had  yet  been  given  for  this  latter  part  of  the 
process.  The  sheet  is  finally  washed  into  distilled  water^  and 
the  operation  is  terminated. 

The  drawing,  thus  obtained,  is  perfectly  insensible  to  the 
action  of  light,  but  it  is  liable  to  injury,  just  like  a  crayon  or 
pencil-drawing,  and  requires  to  be  preserved  under  a  glass. 
The  effect  of  the  whole  is  miraculous :  and  as  an  instance,  we 
may  mention  that  one  of  the  drawings  exhibited  by  M. 
Daguerre,  on  Monday,  was  the  view  of  a  room  with  some  rich 
pieces  of  carpet  in  it;  the  threads  of  the  carpet  were  given 
with  mathematical  accuracy,  and  with  a  richness  of  effect  that 
was  quite  marvelous. 

Such  is  the  process  of  M.  Daguerre  ;  we  must  add,  that  it 
is  found  that  the  sun-light  does  not  act  equally  well  at  all 
hours  of  the  day,  nor  even  when  the  sun  is  at  equal  heights 
above  the  horizon.  Thus  the  effect  is  produced  better  at  ten 
in  the  morning  than  at  two  in  the  afternoon ;  and  hence  the 
JDaguerrotype  may  be  of  immense  value  in  measuring  the 
intensity  of  light. 

The  camera  obscura,  employed  by  M.  Daguerre,  may  be 
put  in  a  box  two  feet  long,  two  feet  wide,  and  two  and  a  half 
feet  high :  the  price  of  the  whole  apparatus  may  be  from  400 
francs  to  420  francs ;  the  price  of  each  metallic  sheet  is  about 
three  or  four  francs. 

M.  Daguerre  has  intrusted  the  manufacture  and  selling  of 
the  apparatus,  to  the  house  of  Alphonsa  Giroux,  in  the  Rue 
de  Coq,  St.  Honor^. 

We  need  hardly  say  that  the  most  enthusiastic  cheers  re- 
sponded from  the  grave  benches  even  of  the  academy,  on  the 
termination  of  M.  Arago's  description  ;  and  the  President^ 
M.  Chevreul,  complimented  M.  Daguerre  in  the  warmest 
terms.* — Literary  Gazette. 


*  It  seems  to  us  that,  beautiful  as  this  process  is  upon  metallic 
substances,  much  of  the  utility  of  photogenic  copying  will  be  lost, 
unless  the  artist  and  traveller  can  use  paper  instead  of  copper, 
silvered^  iodmedy  and  mercurialised.  The  images  produced  by  M. 
Daguerre  are  exquisitely  correct,  but  gloomy-looLing.  They  re- 
semble moonlight  pictures  done  in  ink.  We  also  hear  from  Faris, 
that  M.  Collat  nas  succeeded  in  his  method  of  copying  busts,  statues, 
or  other  solid  objects,  with  mathematical  precision.  This  is,  per- 
haps, as  remarkable  a  discovery  as  the  pnoiogenic ;  and  one  that 
may  be  applied  to  many  valuable  purposes. — Ed,  L,  Q. 
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XXVIII.    Supplementary  Note  to  Dr.  Faraday's  Eleventh 
Series  of  Experimental  Researches. 

Rec«i  red  March  25th,  1838. 

1307.  I  have  recently  put  into  an  experimental  form  that 
general  statement  of  the  question  o(  specific  inductive  capacity 
which  is  given  at  No.  1252  of  Series  XI,  and  the  result  is 
such  as  to  lead  me  to  hope  that  the  Council  will  authorize  its 
addition  to  the  paper  in  the  form  of  a  supplementary  note. 
Three  circular  brass  plates^  about  five  inches  in  diameter^ 
were  mounted  side  by  side  upon  insulated  pillars ;  the  middle 
one^  A^  was  a  fixture,  but  the  outer  plates  B  and  C  were  move- 
able on  slides,  so  that  all  three  could  be  brought  with  their 
sides  almost  into  contact,  or  separated  to  any  required  distance. 
Two  gold  leaves  were  suspended  in  a  glass  jar  from  insulated 
wires :  one  of  the  outer  plates  B,  was  connected  with  one  of 
the  gold  leaves,  and  the  other  outer  plate  with  the  other  leaf. 
The  outer  nlates  B  and  C  were  acUusted  at  the  distance  of 
an  inch  and  a  quarter  from  the  middle  plate  A,  and  the  gold 
leaves  were  fixed  at  two  inches  apart ;  A  was  then  slightly 
charged  with  electricity,  and  the  plates  B  and  C,  with  their 
gold  leaves,  thrown  out  of  insulation  at  the  same  time,  and 
then  left  insulated.  In  this  state  of  things  A  was  charged 
positive  inductrically,  and  B  with  C  negative  inducteously ; 
the  same  dielectric,  air,  being  in  the  two  intervals,  and  the 
gold  leaves  hanging,  of  course,  parallel  to  each  other  in  a 
relatively  unelectrified  state. 

1308.  A  plate  of  shell  lac,  three  quarters  of  an  inch  in 
thickness,  and  four  inches  square,  suspended  by  clean  white 
silk  thread,  was  very  carefiilly  deprived  of  all  charge  (1203.), 
so  that  it  produced  no  effect  on  the  gold  leaves  if  A  were  un- 
charged,  and  then  introduced  between  plates  A  and  B ;  the 
electric  relation  of  the  three  plates  was  immediately  altered, 
and  the  gold  leaves  attracted  each  other.  On  removing  the 
shell  lac  this  attraction  ceased;  on  introducing  it  between  A 
and  C  it  was  renewed ;  on  removing  it  the  attraction  again 
ceased ;  and  the  shell  lac  when  examined  by  a  delicate  Cou« 
lomb  electrometer  was  still  without  charge. 

1309.  As  A  was  positive,  B  and  C  were  of  course  negative; 
but  as  the  specific  inauctive  capacity  of  shell  lac  is  about  thrica 
that  of  air  (1270.),  it  was  expected  that  when  the  lac  was  in- 
troduced between  A  and  B,  A  would  induce  more  towards  B 
than  towards  C ;  and  therefore  B  would  become  more  negative 
than  before  towards  A,  and,  consequently,  because  of  its 
insulated  condition,  be  positive  externally,  as  at  its  back  or 
at  the  gold  leaves;  whilst  C  would  be  less  negative  towards 
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A,  and  therefore  negative  outwards  or  at  the  gold  leaves. 
This  was  found  to  be  the  case ;  for  on  whichever  side  of  A 
the  shell  lac  was  introduced  the  external  plate  at  that  side 
was  positive,  and  the  external  plate  on  the  other  side  negative 
towards  each  other^  and  also  to  uninsulated  external  boaies. 

1310.  On  employing  a  plate  of  sulphur  instead  of  shell  lac, 
the  same  results  were  obtained;  consistent  with  the  con- 
olosions  drawn  regarding  the  high  specific  inductive  capacity 
of  that  body  already  given  (1276.). 

:  1311.  These  effects  of  specific  inductive  capacity  can  be 
exalted  in  various  ways,  and  it  is  this  capability  which  makes 
the  great  value  of  the  apparatus.  Thus  I  introduced  the 
shell  lac  between  A  and  B,  and  then  for  a  moment  connected 
B  and  C,  uninsulated  them,  and  finally  left  them  in  the  in- 
sulated state;  the  gold  leaves  were,  of  course,  hanging  parallel 
to  each  other.  On  removing  the  shell  lac  the  gold  leaves 
attracted  each  other;  on  introducing  the  shell  lac  between  A 
and  C  this  attraction  was  increased  (as  had  been  anticipated 
from  theory),  and  the  leaves  came  together,  though  not  more 
than  four  inches  long,  and  hanging  three  inches  apart. 

1312.  By  simply  bringing  the  gold  leaves  nearer  to  each 
other  I  was  able  to  show  the  difference  of  specific  inductive 
capacity  when  only  thin  plates  of  shell  lac  were  used,  the  rest 
of  the  dielectric  space  being  filled  with  air.  By  bringing  B 
and  C  nearer  to  A,  another  great  increase  of  sensibility  was 
made.  By  enlarging  the  size  of  the  plates  still  further  power 
was  gained.  By  diminishing  the  extent  of  the  wires,  &c., 
connected  with  the  gold  leaves,  another  improvement  resulted. 
So  that  in  fact  the  gold  leaves  became,  in  this  manner,  as 
delicate  a  test  of  specifie  inductive  action  as  they  are,  in 
Bennet's  and  Singer's  electrometers,  of  ordinary  electrical 
charge. 

1313.  It  is  evident  that  by  making  the  three  plates  the 
«des  of  cells,  with  proper  precautions  as  regards  insulation, 
&c.,  this  apparatus  may  be  used  in  the  examination  of  gases, 
with  far  more  effect  than  the  former  apparatus  (1 187.  1290.), 
and  may,  perhaps,  bring  out  differences  which  have  as  yet 
escaped  me  (1292.  1293.). 

1314.  It  is  also  evident  that  two  metal  plates  are  ^uite 
sufficient  to  form  the  instrument;  the  state  of  the  single 
inducteous  plate  when  the  dielectric  is  changed,  being  ex- 
amined either  by  bringing  a  body  excited  in  a  known  manner 
towards  its  gold  leaves,  or,  what  I  think  will  be  better, 
employing  a  carrier  ball  in  place  of  the  leaf  and  examining 
that  ball  by  the  Coulomb  electrometer  (1 180.).  The  induc- 
tive and  inducteous  surfaces  may  even  be  balls ;  the .  latter. 
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being  itself  the  carrier  ball  of  the  Coolomb  electronieter 
(1181.  1229.). 

1315.  To  increase  the  efiecty  a  small  condenser  may  be 
vsed  with  great  advantage.  Thus  if,  when  two  inducteons 
plates  are  used,  a  little  condenser  were  put  in  the  place  of  the 
gold  leaves,  I  have  no  doubt  the  three  principal  plates  might 
be  reduced  to  an  inch  or  even  half  an  inch  in  diameter.  Even^ 
the  gold  leaves  act  on  each  other  for  the  time  as  the  plates  of 
a  condenser.  If  only  two  plates  were  used,  by  the  proper 
application  of  the  condenser,  the  same  redaction  might  take 
place.  This  expectation  is  fully  justified  by  an  effect  already 
observed  and  described  (1229.). 


Observations  on  Dr.  Farodaxfs  tHeventh  Series. 

Our  readers  are  already  aware  that  in  former  p«:ts  of  thesa 
"  Annals''  we  have  had  occasion  to  notice  conuoerable  errors 
which  are  observable  in  various  series  of  Dr.  Faraday's 
Experimental  Researches  in  Electricity :  and  we  are  happy 
to  learn  that  our  remarks  have  been  productive  of  considerable 
experimental  enquiry  (even  amongst  some  of  our  author's 
particular  friends),  which  is  one  of  the  great  objects  for  which 
this  periodical  was  first  established :  and  certainly  the  only 
method  of  arriving  at  those  important  truths  on  which  this 
branch  of  scientific  knowledge  must  ultimately  rest. 

The  grand  theme  of  the  Eleventh  Series  is  Induction,  which 
Dr.  Faraday  has  attempted  to  investigate  in  a  variety  of 
capacities :  but  with  what  success  these  investigations  hava 
been  attended  our  readers  will  necessarily  form  their  own 
opinions ;  our  business  being  merely  that  of  pointing  out  a 
flew  particulars  essentially  connected  with  the  subject :  and 
showing  their  bearing  on  one  another,  and  on  the  theories 
they  are  intended  to  support. 

Kespecting  electro-decompositions.  Dr.  Faraday  supposes 
that  the  ^'Jlrst  step  is  an  electro-polarization  of  the  compound 
particles  operated  on,  and  decomposition  the  second"  step  in 
the  process  (1164).  To  this  doctrine  we  can  have  no  objec- 
tions whatever,  because  we  have  entertained  the  same  idea 
ourselves  several  yeai's  ago,  as  may  be  understood  by  consulting 
fiage  19,  VoL  I,  of  these  Annals :  nor  could  we  have  any 
objections  to  the  idea  of  polarizins^  contiguous  particles  of  at-* 
mospheric  air  or  of  specific  induction,  provided  we  were 
favoured  with  any  experiments  in  support  of  it.  Dr.  Faraday's 
cage  experiments  (1173)  have  thrown  no  light  on  either  of 
these  points,  nor  have  they  proved  any  thing  not  previously 
known. 
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The  experiment  which  Dr.  Faraday  made  with  the  electro- 
meter in  the  cage  (1 174),  was  obviously  a  repetition  of  one 
of  those  very  interesting  experiments  which  Beccaria  made 
with  his  ^'electrical  welV^*  more  than  seventy  years  ago:  the 
"  well"  in  one  case  being,  virtually ,  the  cage  in  the  other : 
and  the  ^'  delicate  gold  leaf  electrometer'' of  Dr.  Faraday,  the 
scrutator  of  the  illustrious  Italian.  As  far  as  Dr.  Faraday 
pursued  Beccaria's  experiments,  the  results  were  the  same ; 
but  when,  '^  by  working  the  machine,  the  air  within  this 
chamber  could  be  brought  into  what  is  considered  a  highly 
electrified  state;'*  and  that,  *' every  attempt  to  charge  air 
bodily.  . .  .failed  (1173),"  Dr.  Faraday's  experiments  became 
truly  original,  and  the  results  of  a  very  different  character  to 
any  thing  ever  obtained  by  Beccaria.  Nor  do  we  remember 
that  our  Italian  philosopher  has  any  where  inferred  that,  *^  if 
any  portion  of  the  air  waB  electrified,  as  glass  or  other  in- 
sulators may  be  charged,  it  was  accompanied  by  a  correspond- 
ing op/>o«7^  action  within  the  cube  (1173) :"  from  experi- 
ments in  which,  '^neither  during  the  charge  or  after  the 
discharge  did  the  electrometer  or  air  within  (the  cube)  show 
the  least  sign  of  electricity  ( 1 1 74)." 

Dr.  Faraday  living  in  the  cage  was  the  very  worst  situation 
he  could  possibly  have  chosen  to  live  in  whilst  attempting  to 
ascertain  the  electrical  condition  of  its  contents :  for  being 
surrounded  by  equal  electrical  forces  he  had  no  means  of  dis- 
covering any  of  them.  An  electrometer  placed  in  the  centre 
of  force  of  an  highly  electrized  cloud,  would  not  indicate 
electric  action,  because  of  the  surroundingforces  balancing  one 
another.  If  Dr.  Faraday,  whilst  in  the  cage,  had  imitat^  the 
dwarf  in  the  lantern,  by  holding  his  electrometer  out  at  thedoor, 
in  the  manner  which  the  little  man  holds  out  his  bell,  he  would 
have  found  very  different  results  to  those  he  obtained  within. 

We  do  not  mean  to  follow  Dr.  Faraday  through  all  his 
evolutions  of  induction^  as  our  principal  object  is  to  place 
those  experiments  on  which  the  theory  depends  in  a  proper 
light  before  our  readers.  The  globe  experiments  commencmg 
at  paragraph  1208,  are  exceedingly  ingenious;  and  if  they 
could  be  repeated,  in  other  hands,  with  the  same  exactitude 
of  results  as  represented  by  Dr.  Faraday's  figures,  they  would 
certainly  be  of  great  interest.  In  the  first  experiment  we  find 
the  original  charge  of  app.  1  to  be  254° :  but  on  a  second 
trial  it  was  reduced  to  250"" :  and  that  the  sum  total  of  the 
divisions  of  the  charge  was  1224-124^-2+l=249^•  or  just 

*  Beccaria*!  Artificial  Electricity.  London,  Quarto  Edition, 
p.  188. ;  also  Cavallo*8  Electricity,  Second  Editon,  p.  106. 
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one  degree  less  Uian  the  whole  charge  before  division.  Now 
we  are  told  in  paragraph  1250,  that  six  minates  are  necessary 
to  pass  through  the  manipulation,  after  the  first  charge  is 
taken :  **  three  minutes  pass  between  the  first  charge  of  app. 
1  and  the  division;  and  three  minutes  between  the  division  and 
the  discharge,  when  the  force  of  the  non*transferable  electri- 
city is  measured."  Now  it  cannot  be  doubted  that  the  same 
qMkce  of  time  would  be  required  to  ascertain  the  Uuter  state 
of  the  whole  charge  as  would  be  required  for  the  Jirst.  But 
during  the  time  the  Jlrsi  state  was  measured,  there  occurred 
a  loss  of  4^9  and,  consequently,  a  considerable  loss  would  occur 
during  the  time  occupied  in  measuring  the  Uuter  state  of  the 
whole  charge  in  app.  1  before  the  division  was  made.  The 
words  ^^  divided  and  instantly  taken"  do  not  imply  that  the 
division  was  made  at  the  instant  the  carrier  left  app.  1 ,  for 
to  ascertain  the  latter  state  of  the  whole  charge  at  the  elec- 
trometer. The  division  took  place  after  the  carrier  had 
returned  a  second  time  from  the  electrometer ;  which  must 
necessarily  have  been  the  case;  for  we  find  (1207),  that 
the  carrier  was  back  again  ''  touching  one  of  the  balls"  of  the 
apparatus  at  the  time  the  division  was  made.  Under  these 
circumstances  then,  if  4"^  were  lost  during  the  Jirst  measure- 
ment, of  the  whole  charge  of  app.  1 ,  it  is  £Eur  to  infer  that  3% 
at  least,  would  be  lost  during  the  second  measurement. 
Therefore  the  sum  total  of  the  divisions  of  the  charge  as 
stated  (1208),  would  be  2^^  greater  than  the  whole  charge 
itself.  Moreover,  as  three  minutes  elapsed  in  measuring  the 
divisions,  there  would  still  be  another  loss  to  be  brought  into 
account :  and  as  there  would  also  remain  in  the  two  globes 
residual  charges  which  the  carrier  could  not  take  away,  the 
sum  of  the  parts  of  the  charge  would  obviously  appear  con- 
siderably greater  than  the  original  charge  itself;  showing 
pretty  clearly  that  either  the  apparatus  were  very  unfit  for  the 
enquiry,  or  that  the  experiments  were  very  inaccurately  per- 
formed. Dr.  Faraday,  however,  has  souared  his  figures 
pretty  well  to  inake  "both  ends  meet,"  without  noticing  these 
losses  and  residuals  of  charge  which  ought  to  have  been 
accounted  for. 

Having  given  one  specimen  of  theglobeexperiments  we  must 
leave  our  readers  to  judge  for  themselves  of  the  rest  of  them. 
We  shall  not  proceed  with  our  observations  on  "  induction  in 
curved  lines  (1215)"  at  present;  but  shall  place  before  our 
readers  the  origin  of  the  experiments  and  the  explanations  df 
the  phenomena  given  by  their  authors,  in  our  next  number. 

Edit. 
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XXIX.     On  a  phenomenon  observed  while 
with  a  IVollaston*s  battery  of  a  large  size. 

(Communicated  by  the  author  to  the  Editor  of  PoggendorflPs 
Aimalen^  and  translated  from  vol.  47,  p.  461  of  that  work.) 

It  is  well  known  that,  in  accordance  with  Ampere's  theory, 
two  succeeding  particles  of  one  and  the  same  galvanic  current 
mutually  repel  each  other,  and  that  Amp^e  bore  out  this 
deduction  from  his  theoretical  views  by  an  experiment  we  find 
cited  in  all  our  manuals  of  electro-magnetism,  namely,  that  a 
duly  bent  conducting  wire  resting  on  two  disconnected  sur^ 
fiices  of  quicksilver  acquires  a  sailing  motion  the  instMit  these 
sur&ces  are  brought  into  connexion  with  the  polar  wires  of  a 
galvanic  battery. 

Some  tim^  ago  when  at  Professsor  Jacobi's  I  witnessed  a 
phenomenon  evidently  identical  with  that  I  have  just  men- 
tioned, but  of  a  remarkable  degree  of  intensity,  The  battery 
Consisted  of  twelve  pairs  arranged  as  has  been  stated,  and  each 
presenting  (taking  only  one  side  into  account)  a  surface  of 
three  square  feet  of  zinc.  The  plates  were  fastened  to  a  frame; 
and  the  troughs,  which  were  all  filled  with  a  vety  active  mix- 
ture of  diluted  sulphuric  and  nitric  acids,  were  so  placed  on  a 
board  that  by  means  of  a  winch  and  wheel-work  they  could  be 
raised  up  to  them.  The  separate  plates  were  so  connected  as 
to  form  a  continuous  whole  by  means  of  thick  copper  wires  of 
this  shape  j  '  ( ,  their  legs  dipping  down  into  mercury 
cura  that  were  screwed  on  to  the  zinc  and  copper  plates. 

The  action  of  this  battery  was  so  energetic  that  it  at  &TSt 
raised  to  a  white  heat,  and  then  melted  through  in  the  middle, 
a  platina  wire  0,125  inch  thick,  aild  3|  inches  long ;  that  is 
to  say,  the  length  of  the  connecting  copper  wires. 

The  most  remarkable  phenomena  that  we  observed  with 
this  battery  was  however  the  following,  namely,  that  on  com- 
pleting  the  circuit  in  itself  by  means  of  the  copper  connecting 
wires  only  and  then  raising  up  the  troughs,  as  soon  as  the 
greater  part  of  the  surfece  of  the  plates  became  immersed  the 

WHOLE  OF  THE  CONNECTING  WIRES  SPRUNG  OUT  OF  THE  MER- 
CURY CUPS  WITH  A  LOUD    CRACKLING.  NOISE.      We    CWl,    it  IS 

dear,  only  explain  how  the  wires  are  thus  thrown  out  by 
means  of  the  repulsion  we  have  alluded  to,  and  which  is  heref 
called  forth  at  the  places  where  the  particles  of  the  current  in 
immediate  succession  pass  out  of  the  mercury  into  the  con- 
necting wire,  and  from  this  again  into  the  mercury  of  the  next 
pair  of  plated^  It  is  however  remarkable  thai  this  power  of 
repuUdofl  should  be  strong  enough  to  heave  up  wires,  each  of 
which  weighs  210  grains. 
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The  like  was  also  observed  when  the  battery  did  not  con- 
sist of  the  whole  of  the  twelve  pairs  in  connexion,  but  only  of 
some  of  them  ;  this,  however,  is  in  strict  accordance  with 
Ohm's  lawy  according  to  which  the  strength  of  a  current  ia 
the  same,  be  the  number  of  the  elements  composing  the  bat- 
tery what  it  may,  provided  it  is  not  interrupted  by  the  inser^ 
tion  dTany  foreign  conductor. 

JULIAN  GUtiGSWORTH. 
Wormwood  Scrubbs, 
September  11,  1839. 

XXX.     Supplementary  Kote  to  Article  XVl.  p.  190. 

The  lightning  which  fell  on  the  Royal  Hotel  of  Invalides, 
on  the  8th  of  June  last  (see  p.  215),  has  produced  effects  from 
lateral  explosions  much  greater  than  any  i  ever  heard  of  before, 
and  highly  corroborative  of  the  inferences  I  have  drawn  res- 
pecting the  '' probable  efiects"  which  similar  explosions  would 
have  on  Mr.  Harris's  conductors  (206).  The  projecting  of 
the  nails  from  the  lead  on  the  lantern,  the  lifting  up  of  that 
great  mass  of  lead,  and  the  entire  removal  of  '^  the  lead  sur- 
rounding the  base  of  one  of  the  columns  of  the  lantern  ",  are 
ample  proofs  of  the  astonishing  efiects  of  lateral  explosions : 
and  certainly  the  best  data  which  could  be  fiimished  for  sup- 
posing that  Mr.  Harris's  conductors  are- liable  to  be  peeled 
from  the  masts  by  a  similar  kind  of  action. 

I  have  already  mentioned  that  lateral  discharges  were  ex-^ 
tensively  studied  by  Viscount  Mahon ;  but,  perhaps,  the  experi- 
ments of  Professor  Henry,  of  New  Jersey  College,  in  the 
United  States,  would  be  more  to  my  purpose.  1  his  philosopher 
informed  the  British  Association  at  the  Liverpool  meeting, 
that  he  had  taken  sparks  from  various  parts  of  a  lightning  rcKl 
erected  upon  the  best  princq)le,  and  weU  connected  with  the 
ground,  when  that  rod  was  carrying  a  discharge  of  electricity; 
and  stated  that  he  believed  that  no  rod  could  be  suflSciently 
uninsulated  as  not  to  produce  lateral  discharges. 

Since  my  fourth  memoir  was  printed  I  have  been  favoured  ^ 
with  the  opinions  of  several  naval  oiBcers  respecting  my  plan 
of  protecting  shiroing  from  lightning;  and  having  availed 
myself  of  some  valuable  suggestions  as  to  the  probability  <tf 
tho$e  branch  condu€t€frs  which  I  had  propotecf  to  be  placed 
be/ore  the  shrouds  of  each  mast,  being  hable  to  injury  by 
pressure  from  the  yards  when  the  ship  is  close  hanled,  I  have 
dispensed  with  them  altogether.  The  system  wiU  thus  b^ 
much  simplified,  and  give  an  opportunity  of  placing  the  whole 
of  the  metal  in  those  conductors  which  are  aft  the  shrouds, 
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and  entirely  away  from  the  masts.  This  plan  will  also 
remove  every  apprehension  which  might  have  been  entertained 
of  the  shrouds  being  ignited  in  consequence  of  lightning  heat- 
ing those  conductors  which  were  in  partial  contact  with  them. 

Fig.  8,  Plate  IV.  represents  a  vertical  section  of  the  ztar- 
boara  and  larboard  conductors  of  each  mast  from  the  topgal- 
lant mast  head  to  the  copper  sheathing  of  the  vessel ;  and 
the  darts  show  the  manner  in  which  a  flash  of  lightning  would 
be  conducted  down  both  sides  of  the  rigging  to  the  sea. 
Should  a  flash  of  lightning  happen  to  strike  either  of  the  top- 
gallant mast  branches,  then,  because  of  their  metallic  union 
above,  at  the  mast  head,  the  lightning  would  be  distributed 
through  both  branches,  as  decidedly  as  if  it  had  struck  the 
spindle  above  the  truck.  The  topmast  conductors  being  also 
metallically  connected  at  the  crosstrees  would  each  conduct 
its  own  share  of  any  flash  of  lightning  which  should  happen  to 
strike  on  either  the  starboard  or  the  larboard  branch.  The 
lower  mast  conductors  would  also  reciprocally  and  mutually 
assist  in  conducting  lightning  which  should  strike  either  of 
them.  Hence,  therefore,  on  whatever  part  of  a  conductor 
lightning  should  strike,  it  would  invariably  find  two  conduct- 
ing channels  to  the  sea,  one  on  each  side  of  the  ship. 

Fig.  9,  gives  a  side  view  of  the  starboard  and  forestay  conr 
ductorsof  athree  masted  vessel;  also  a  view  of  the  main  topmast 
and  mizen  topmast  stay  conductors,  which  might  be  applied 
if  thought  necessary.  These  latter  would  be  the  means  of 
uniting  all  the  conductors  into  one  system,  from  the  topmasts' 
heads  downwards  to  the  sheathing.  By  this  means  every 
flash  of  liffhtning  striking  any  branch  conductor  of  the  system 
would  find  its  way  to  the  sea  through  seven  conducting  chan- 
nels, three  on  each  side  of  the  ship  and  one  from  the  fore  stay 
conductor  which  terminates  under  the  bows.  The  small  darts 
in  fig.  9  show  the  distribution  of  the  electric  fluid  from  a  flash 
of  lightning  supposed  to  strike  the  main-topgallant  mast 
head,  or  the  vane  spindle  above  it.  Lightning  thus  exten- 
sively distributed  amongst  distant  branches  of  the  conducting 
system  would  be  rendered  perfectly  harmless. 

The  feistenin^  once  completed,  the  conductors  could  at  any 
time  be  put  up  m  a  few  hours,  and  remain  stationary  during  a 
cruise  or  a  voyage,  as  decidedly  as  the  standing  rigging. 

Mr.  Harris's  answer  to  my  letter  of  September  12,  is  dated 
"  Plymouth,  September  15th,"  in  which  he  informs  me  that 
he  was  Secretary  of  the  Physictil  Sectionjof  the  British  As- 
sociation, at  Birmingham,  but  did  not  see  or  hear  of  mypapers* 
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XXXI.     Reviews  and  Notices  of  ^ew  Books. 

The  Universal  Ready  Reckoner,  or  Royal  Road  to  Arith- 
metic ;  being  insinuations  in  the  use  of  the  Sliding- Rule  : 
compiled  for  the  use  of  Ladies  and  idle  Gentlemen.  By  an 
Idle  Gentleman.  John  Lee,  440,  fVest  Strand,  near  the 
Lowther  Arcade. 

The  author  of  this  little  work  is,  in  our  estimation,  so  far 
from  deserving  the  title  which  he  has  given  himself,  that  we 
consider  hira  a  very  industrious  and  useful  man:  and  we 
heartily  recommend  the  Royal  Road  to  Arithmetic  to  that 
class  of  gentlemen  to  whom  it  is  addressed ;  not  for  the  pur- 
pose of  indulging  in  their  idleness,  but  as  an  example  to 
induce  them  to  bring  their  talent  into  active  and  useful  play, 
and  devote  their  time  to  those  mental  pursuits  which  are  the 
strong  bulwarks  against  the  invasions  of  lethargy  and  vice, 
and  the  sure  means  of  becoming  benefactors  to  mankind,  and 
of  attaining  true  honour  and  lasting  reputation. 

^^  The  Rule  is  justly  described  as  most  useful  to  those  engaged 
m  long  calculations,  however  skilful  they  may  be  in  arithmetic, 
both  as  saving  much  time  in  many  cases,  and  more  especially  in 
acting  as  a  check  to  detect  and  remedy  errors  which  are  always 
liable  to  creep  into  the  calculations  of  the  most  skilful,  and  which  if 
undetected,  will  vitiate  a  whole  process* 

^^  Its  ^reat  use,  however,  is  to  the  unskilful,  and  especially  in  the 
£u:ility  it  ^ves  in  multiplying  and  dividii^  fractional  ana  mixed 
numbers,  in  measuring  tne  surfaces  and  sobdity  of  various  things  : 
in  short,  its  acting  as  a  complete  universal  Ready-reckoner,  with 
little  more  trouble  than  is  necessary  to  understand  a  printed  ready 
reckoner  for  one  thing  only.  Moreover,  nobody  can  make  them- 
selves tolerably  au  fait  at  the  Rule  wittiout  at  the  same  time  im- 
proving themselves,  if  imorant  or  deficient,  very  much  in  the 
science  of  arithmetic.  The  time  and  trouble  it  saves  and  the  accu- 
racy it  gives,  and  the  power  of  doing  things  which  would  have  been 
deemed  by  most  people  utterly  hopeless,  are  beyond  all  praise. 

<^I  trust,  therefore,  that  old  as  tne  rule  may  be,  considering  how 
little  it  b  known  in  the  fashionable  world,  I  am  not  over  presumptuous 
in  hoping,  I  may  have  done  some  service  in  callinff  afresh  the 
attention  of  individuals  to  it.  The  first  part  of  the  hooki^  addressed 
to  the  most  ignorant  and  most  idle,  whom,  by  restricting  myself  to 
the  very  simplest  directions,  I  have  endeavoured  not  to  disfi^ust  or 
confuse.  In  the  second  I  have  entered  more  into  detail,  ana  given 
such  reasons  and  explanations  as  may  satisfy  laudable  curiosity  and 
give  some  useful  instruction  apait  from  the  actual  use  of  the 
mstrument." 

We  have  perused  this  little  volume  with  great  pleasure, 
and  consider  it  our  duty  to  recommend  it  to  every  class  of 
professional  men,  and  artificers,  who  are  desirous  of  availing 
themselves  of  the  assistance  of  the  sliding  Rule. 
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XXXII.    MISCELLANEOUS  ARTICLES. 

Mr.  Leeson,  who  has  succeeded  Mr.  Phillips  to  the  lecture- 
ship at  St.  Thomas's  Hospital,  has  lately  been  engaged  in  a 
series  of  experiments  for  the  purpose  of  ascertaining  the 
amount  of  pressure  which  would  stop  the  electro-chemical 
decomposition  of  water  by  voltaic  electricity  of  a  certain  ten- 
sion ;  and  has  discovered  that  about  50  atmospheres  is  capable 
of  preventing  decomposition  from  an  electric  force  of  a  voltaic 
series  of  about  20  pairs.  Mr.  Leeson  has  employed  cvlinders 
of  glass  about  3  inches  long  and  nearly  4  inches  diameter, 
with  a  hollow  axis  the  diameter  of  which  is  about  |  of  an  inch, 
leaving  the  solid  glass  of  more  than  an  inch  and  a-half  thick. 
The  ends  of  the  cyUnder  are  ground  perfectly  flat  and  smooth, 
and  are  covered  with  flat  iron  plates  of  considerable  thickness, 
also  ground  flat  and  smooth,  in  order  to  form  air-tieht  joints 
with  the  two  ends  of  the  glass  cylinder.  The  cylinder,  being 
placed  on  one  of  the  iron  plates,  is  filled  with  water,  and  the 
other  plate  is  then  placea  on  the  other  end;  and  both  plates 
kept  firmly  in  their  places  by  bolts  and  screw  nuts  which  hold 
all  together.  It  is  to  be  understood  that  there  is  a  contriv-^ 
ance  For  fi^Ung  two  strips  of  platinum  within  the  cavity  of  the 
cylinder,  and  for  oom%ectiqg  them  with  the  pole«  of  the  bat* 
tery  employed.  Having  thus  deaoribed  the  mode  in  which 
Mr.  Leeson  proceeds  with  his  interesting  experiments,  it  re- 
mains that  we  inform  our  readers,  tbat  we  have  seen  the  firag* 
ments  of  one  of  those  glass  cylinders  which  was  split  by  the 
internal  pressure  of  the  liberated  gases  from  the  aecomposi- 
tion  of  water.  The  broken  cylinder  which  we  saw  in  Mr. 
Leeson's  laboratory,  was  at  least  an  inch  and  a^half  thick  of 
solid  glass ;  which  seems  to  have  broken  by  a  pressure  of  9 
little  more  than  50  atmospheres.     Edit. 


On  a  remarkable  property  of  Electric  Tension. 

M.  C.  Doopler,  Professor  of  Mathematics,  at  Prague,  has 
said  that  he  has  discovered  that  a  feeble  electric  charge  given 
to  a  bar  of  insulated  metal  causes  it  to  contract ;  and,  of  course, 
if  negatively  electrized,  the  metal  expands.  The  following  is 
the  method  employed  in  the  experiment : — 

A  thin  copper  tube,  about  three  feet  long,  is  properly  placed 
in  a  delicate  compound  lever-apparatus,  something  similar  to 
our  lever-pyrometers,  and  properly  insulated  by  glass  stems. 
If  now,  a  feeble  electric  tensiop  be  given  to  the  tube,  the  in-r 
dex  of  the  lever-apparatus  immediately  b^ns  to  move,  indi- 
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eating  a  contraction  of  the  tube.  By  increasing  the  tension 
the  motion  of  the  index  i«  so  swift  that  the  eye  cannot  trace 
it ;  so  that  for  high  electric  tensions  a  simple  lever-apparatus 
answers  better  than  the  delicate  compound  one.  When  sparks 
are  either  intentionally  taken  from  the  tube  or  that  they  are 
discharged  spontaneously,  the  index  rapidly  recoils,  indicating 
an  expansion^  (prolongation)  of  the  tube ;  which  contracts 
again  by  an  increase  of  electric  tension.  This  property  of 
electricity  is  said  to  have  been  discovered  by  a  single  pair  of 
plates ;  and,  as  Poggendorff  has  justly  said,  '^  probably  by  an 
electric  current,**  which  would  render  the  circumstance  still 
more  curious,  unless  the  current  produced  a  depression  of 
temperature  in  the  tube.  Prom  Poggendorff*s  Annalen  der 
Physik  und  Chemie.    Edit. 


Mr.  Mason,  of  High  Holbom,  who  is  an  exceedingly  dexterp 
ous  experimenter,  has  lately  discovered  a  method  of  enhancing 
the  beauty  and  splendour  of  charcoal  deflagrations  by  voltaic 
electricity.  He  powders  bichromate  of  potash  and  places  the 
powder  on  the  points  of  the  charcoal,  and  when  the  latter  has 
oecome  red  hot,  the  bichromate  also  enters  into  deflagration. 
The  light  prodnced  is  two-fold  that  given  by  the  charcoal  alone. 
The  potash  becomes  decomposed  and  the  liberated  potassium 
scintilates  in  a  very  beautiful  manner.  We  have  seen  Mr. 
Mason  produce  a  beautiful  effect  with  a  battery  of  only  thirty 
small  jars.     Edit. 


Speaking  of  deflagrations,  perhaps  it  may  be  interesting  to 
some  of  our  readera  to  know  that  the  laminated  metals,  such 
as  gold,  silver,  or  copper  leaf,  &c.,  give  a  good  effect  when  de- 
flagrated on  a  strip  of  bright  tin  plate,  which  may  be  con* 
nected  with  one  pole  of  the  battery,  whilst  the  metallic  leaf, 
placed  on  a  long  copper  wire  in  connexion  with  the  other  pole, 
IS  passed  gently  over  its  surface.  Gold  gives  the  feeblest 
light,  copper  next.  The  light  from  white  Dutch  metal  is 
much  more  brilliant,  and  of  a  pale  purple  tinge.  That  from 
silver  is  exceedingly  handsome,  being  a  pale  greenish  yellow. 
We  have,  for  many  years,  used  zinc  turnings  for  deflagrating 
at  the  lecture  table.  They  burst  into  a  complete  blaze,  and 
become  converted  into  philosophical  wool,  which  floats  in  the 
air  for  a  long  time  afterwards.     Edit. 
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My  Dear  Sir, 

I  have  received  your  very  interesting  paper  on  tuccessions, 
or  series  of  electric  currents,  with  which  I  am  quite  delighted. 
You  will  perceive,  by  looking  at  page  112  of  vol.  2  of  the  Annals, 
that  I  had  proceeded  as  far  as  tertiary  currents,  by  means  of  the 
Magnetic  Electrical  Machine ;  but  you  have  gone  much  farther, 
and  the  results  of  your  experiments  are  really  beautiful.  I  shall 
place  them  before  our  English  experimenters  in  the  January  num- 
ber of  the  Annals. 

My  principal  object  for  making  this  letter  public  is,  that  of  giving 
philosophers  an  opportunity  of  testing  my  theory  of  magnetic 
electricity,  as  given  in  vol.  1.  of  the  '^  Annals  of  Electricity,  Ac.** 
with  your  extensive  series  of  successive  currents  You  have  given 
a  series  of  symbols  expressive  of  the  direction  of  the  currents  to  the 
fifth  degree,  by  opening  the  circiUt.  Now,  if  my  theory  be  correct, 
I  can  predict  the  direction  of  the  currents  which  would  be  brought 
into  play  by  dosing  the  circuity  which  series  will  be  very  difierent  to 
that  given  by  opening  the  circuiL     The  two  will  stand  as  follows : — 

On  opening  the  Circait.  On  closing  the  Circuit. 

Primary  Current    4-  + 

Secondary  Current    •  •  •  •  +  — 

Current  of  the  Sd  order   —  + 

Ditto,                 4th  order  +  — 

Ditto                    6th  order—  + 

&c  &c. 

I  have  not  tried  the  experiment,  but  I  have  no  doubt  of  your 
finding  the  currents  as  I  have  predicted  from  an  application  of  the 
principles  of  the  theory. 

I  am,  my  dear  Sir, 
Yours  very  truly, 
Joseph  Henby,  Esq.  L.L.D.  W.  STURGEpN. 

Prof  of  Nat.  Philosophy, 

In  the  College  of  New  Jersey, 

Princeton. 
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WATKINS    AND    HILL'S 

LIST   OF 

ELECTRICAL    INSTRUMENTS    AND    APPARATUS, 
5,  Charing  Cxtws,  London. 


Stx-indi  plate  Electrical  Machine,  2/.  5«. 
Kine-inch  plate  Electrical  Machine,  4/.  4f . 

Nine-inch  plate  Electrical  Machine,  with  apparatus  necessary  in  Medical  Electricity, 
pack^  in  case,  complete,  5/.  15«.  6d, 

Twelre4nch  plate  Electrical,  5/.  5«. 

TwelTe-inch  plate  Electrical  Machine,  with  apparatus  necessary  for  medical  purposes, 
packed  in  a  case,  complete,  7/.  7«. 

Fifteen-inch  plate  Electrical  Machine,  complete,  9/.  9«. 

Eig^liteen-inch  plate  Electrical  Machine,  complete,  11/.  11«. 

Two-feet  plate  Electrical  Machine,  complete,  12/.  12t. 

Thirty-inch  plate  Electrical  Machine,  complete. 

Three-feet  plate  Electrical  Machine,  complete. 

Plate  Electrical  Machines  of  aU  dimeniiont,  camtructed  on  the  plan  proposed  and 
recommended  hy  Mr,  W.  8.  Harris.  They  are  of  a  very  convenient  and  original  forniy 
act  very  powerfully y  and  possess  positive  and  negative  conductors. 

Nine-inch  doable  plate  Electrical  Machine,  as  arranged  by  Woodward,  9/.  9«. 

Twelve-inch  double  plate  Electrical  Madiine,  ditto,  12/.  12t. 

Ei^teen-inch  double  plate  Electrical  Machine,  ditto,  18/.  189. 

Two-feet  double  plate  Electrical  Machine,  ditto,  28/.  Is, 

Thre*"  ^^'ch  Cylinder  Electrical  Machine,  1/.  1Q«. 

Pour-inch  Cylinder  Electrical  Machine,  3/.  1Q«. 

Fire-inch  Cylinder  Electrical  liachine,  5/.  bs. 

Fire-inch  Cylinder  Electrical  Machine,  with  apparatus  for  Medico-Electrical  purposes ; 
the  whole  packed  in  a  strong  case,  6/.  16«.  6^. 

Seven-inch  Cylinder  Electrical  Machine,  complete,  9/.  9t. 

Nine-inch  Cylinder  Electrical  Machine,  complete,  12/.  12t. 

Ten-inch  Cylinder  Electrical  Machine,  complete,  14/.  14f. 

Volta's  Electrophorus.  The  operation  of  this  simple  instrument  is  referrible  to  the 
phenomena  oiinductUm,  and  consists  of  two  metallic  plates,  with  an  intervening  plate 
of  resinous  matter,  \0s.  6d,  to  2/.  2s, 

Electrical  Condenser,  which  exhibits  feeble  electricity,  18^. 

"Mahogany  stools,  with  solid  ^ass  insulating  legs,  useful  in  most  cases  where  Medical 
Electricity  is  employed,  14i.  to  1/.  I6s, 

Brass  Stands,  with  rectangular  arms  for  suspending  light  bodies,  to  exhibit  the  motion 
produced  by  electrical  effects,  called  Attraction  and  Repulsion,  1/.  Is.  to  2/.  2s. 

Pair  of  Metallic  Circular  Plates,  with  brass  adjusting  stand.  This  apparatus  exhibits 
the  effects  of  electrical  attraction  and  repulsion  in  a  pleasing  manner  with  pith  dancing 
figures,  13f. 

Pith  dancing  figures  of  men  and  women  fSuitastically  carved  and  painted,  each  Is,  6</., 
2t.,  and  very  superior,  4s,  6d, 

Pith  Ball  Stand,  to  show  the  same  phenomena  with  pith  balls,  6s,  6d. 

Pith  Balls  of  various  sizes,  cut  nicely  round  out  of  the  pith  of  elder,  Is,  to  is,  6d.  per 
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Set  of  Three  Bells  suspended  on  a  metallic  rod,  furnished  with  a  hook  to  take  on  to  the 
prime  conductor,  10«.  6d, 

Small  Metallic  Bucket,  with  a  capiUary  bore  glass  syphon,  Zt,  Qd, 

Artificial  Spider,  2s, 

Self-moTing  Wheel  affords  a  pleasing  illustraticm  of  continued  rotatory  motion  produced 
by  electrical  attraction  and  repulsion.  This  is  a  modified  arrangement  of  the  instru- 
ment originally  iuTented  by  Dr.  Franldin,  21  2t, 

See-saw  Apparatus.  This  Toy  illustrates  in  an  entertaining  manner  electrical  attxacUon 
and  repulsion,  15«. 

Carved  Head,  with  Hair,  shows  each  individual  hair  is  repelled  and  stands  on  end,  whea 
imder  electrical  excitation,  presenting  a  grotesque  appearance,  7«.  6d, 

Electrical  Swan,  2#. 

Electrical  Sportsman,  consisting  of  a  carved  figure  represented  in  the  act  of  shooting, 
and  a  Leyden  jar  having  two  wires  of  different  lengths  affixed  in  its  cap.  On  the  end 
of  the  longer  wire  small  pith  birds  are  suspended  by  threads,  1/.  5«.  to  1/.  I6s, 

Glass  Globe,  for  experiments  on  electrical  li^^t  in  a  medium  of  variable  or  invariable 
density,  1/.  5«.  to  11, 11*.  6d, 

Luminous  Conductor,  for  showing  the  vivid  efffscts  of  flashes  of  electrical  li|^  which 
are  more  or  less  in  perfect  continui^  and  regularity  in  proportion  to  the  degree  of 
exhaustion  within  the  tube,  18«.  to  il,  29, 

Glass  Flask,  also  for  showing  the  passage  of  an  electric  discharge  firom  one  conductor 
to  another,  7«.  6^. 

Apparatus  to  exhibit  the  effect  of  a  Ming  star,  18«.  to  II,  ba. 

Luminous  Conductor,  with  iron  chain  inside  a  bent  glass  tube,  lOf .  6d,  to  15#. 

Glass  Tubes,  with  small  variegated  circular  disks  of  tipfoil  pasted  round  them  in  a 
spiral  form,  5«.  6d,  to  I2a, 

Five  Glass  Tubes,  with  tinfoil  spangles,  mounted  on  mahogany  frame,  with  an  insulated 
revolving  brass  needle  having  tree  motion  on  its  point  of  suspension,  1/.  Sa, 

Glass  Tube,  with  tinfoil  spangles,  moimted  on  mahogany  foot.  On  the  top  of  the  tube 
are  placed  two  cross  wires,  forming  a  fly  or  whiri,  13i. 

Glass  Plane,  painted  in  different  transparent  colours,  with  devices  formed  of  tin£»il 
spangles,  las. 

Names  or  Words  arranged  upon  glass  plates,  with  pieces  of  tinfi)il,  IQf .  6<f. 

A  Mahogany  Stand  for  experimenting  with  electricity  upon  eggs,  7s.  6d, 

Bennet's  Gold  Leaf  Electroscope,  II.  3f . 

Bennet's  Electroscope,  with  m^  Qoa^masr  attached,  U.  lis.  6d. 

Singer's  Electroscope.    This  instrument  in  principle  is  the  same  as  that  suggested  by 

Bennet ;  but  the  brass  wire,  supporting  the  gold  leaves,  is  defended  fircmi  the  varia* 

tion  of  the  atmosphere  by  double  insulation,  16f .  to  1/.  6f . 

Singer's  Condensing  Electroscope,  This  iostroment  consiBts  of  Singer's  electroscope 
with  a  condenser  attached,  21.  2s. 

Hare's  single-leaf  Electroscope,  with  horizontal  sliding  wire  and  ball  passing  thxou^ 
the  side  of  the  receiver,  IBs.  to  II.  5s. 

Bohnenburger's  single-leaf  Electroscope,  wit^  two  sliding  balls  and  wires  on  opposite 

sides,  witti  the  ends  of  a  small  dry  pile  attached  to  them}  2/.  2s.  to  3/.  3s. 
Cavallo's  Electroscope,  well  adapted  for  experiments  on  atmospherical  electricity,  U  Is. 
Hauy's  Needle  Electroscope ;  employed  chiefly  in  ascertaining  the  electrical  state  of 

mra^TfU  si^bstances,  Ss. 
Harris's  delicate  Needle  Electroscope.    The  needle  is  composed  of  a  long  gilded  reed, 

terminating  in  a  pith  ball  placed  on  a  short  curved  arm  of  braas»  ai^d  cooAterpiHfied 

by  a  diorter  reed,  and  wei^^t  placed  on  the  stem,  lOs.  6d. 
Henley's  Quadrant  Electrometer,  with  graduated  arc.   Extremely  useful  in  experiments 

with  accumulated  electricity,  7s.  6d.  to  10#.  6d, 
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Harris's  Double  Quadrant  Electroscope.  It  exhibits  the  divergence  produced  by  feeble 
elec^cal  forces  on  a  very  extensive  scale,  1/.  St.  to  1/.  16#. 

Coulomb's  Torsion  Electrometer.    This  is  decidedly  the  most  perfect  electrometer  for    < 
measuring  very  small  quantities  of  free  electricity,  21.  I2«.  Sd. 

CnthbeitBOQ's  Compound  Universal  Disdiarnng  Electrometer.  The  electric  forces  are 
estimated  in  grain  weights,  21.  5«.  to  21.  I2t.  6d. 

Harris's  Disdiarging  Electrometer.  Used  for  the  purpose  of  discharging  batteries  or 
large  jars  through  a  given  circuit,  and  in  a  uniform  manner  for  successive  experi- 
ments, 21.  bs. 

Lane's  Discharging  Electrometer.  Estimates  tiie  accumulated  charge  of  an  electrical 
jar,  by  measuring  the  distance  in  air  which  the  discharge  is  capable  of  traversing,  7«.  6^. 

Harris's  Improved  Lane's  Electrometer.  The  exploding  baUs  of  this  instrument  are 
supported  between  a  bent  ^ass  arm  and  a  vertical  tube  of  brass,  and  may  be  set  at 
any  given  distance  by  means  of  a  graduated  dide,  21.  2t, 

Harris's  Electro-Thermometer.  The  force  of  electricity  measured  by  the  relative  heat- 
ing effects  produdng  upon  two  different  metallic  wires  placed  air-tis^t  through  the 
ghus  bulb,  1/.  Il«.  M. 

Harris's  Hydrostatic  Electrometer.  The  object  of  this  instrument  is  to  investigate 
electrical  action  through  the  medium  of  the  attractive  and  repellent  forces  c^>erating 
between  two  plane  conducting  surfaces ;  the  force  being  indicated  on  a  graduated  arc, 
and  referrible,  if  required,  to  any  given  unit  of  weight,  10/.  10«. 

Harris's  Balance  Beam  Electrometer  with  Rackwork  Adjustments  for  determining  the 
law  of  electrical  forces  and  observing  many  phenomena  of  electrical  Induction,  bl.  bs. 
to6^8t. 

Harris's  Unit  Jar  Electrometer.  This  instrument  is  used  to  measure  the  quantity  of 
electridty  actually  conveyed  into  a  battery  or  large  jar,  1/.  1«. 

Electric  Fly  or  Whiri,  of  two  cross  wires  terminating  in  bent  points,  and  supported  by 
means  oin  cs;g  upon  a  fine  point  at  the  end  of  a  roil,  4m. 

Electrical  Inclined  Plane,  formed  by  two  inclined  wires  stzetdied  between  four  iosulated 
pillars,  and  a  fly  or  whirl  in  placed  across  the  wires,  1/.  1#. 

Electrical  Planetarium.    An  experiment  in  which  the  diBpersion  of  electricity  from  a 

r'  At  produces  a  xptatory  motion  by  the  reaction  of  the  resisting  medium  of  the  air, 
toR4f. 

Set  of  Ei^t  Bells,  or  the  Gamut,  with  a  single  clapper  suspended  from  a  moveable  fly 
or  whiri,  1/.  16f . 

Cylindrical  Brass  Conductor  with  hemisi^eriical  ends,  cm  insulated  stand,  for  illustnUing 
electrical  induction  and  polar  arrangement,  5«.  6d,  to  16#. 

Square  Glass  Plate  in  mahogany  frame,  partially  coated  with  tinfoil,  to  prove  the  insu- 
lating &culty  of  glass  by  its  supposed  impermeability  to  electricity,  lbs.  to  1/.  bt* 

Leyden  or  Electrical  Jars,  coated  inside  and  outside  equally  with  tinfoil,  bi.,  lOt .  6c/., 
11.  U. 

Medical  Electrical  Jars,  with  contrivances  to  qualify  the  intensity  of  the  charge,  7$.  6d. 
to  10s.  6d. 

Electrical  Jar,  with  moveable  metallic  coatings,  to  demonstrate  that  in  the  electrical  jar 
the  electricity  is  accumulated  upon  the  glass  and  not  on  tiie  coating  substances,  12*. 
tol4#. 

Electrical  Jars,  with  spotted  and  diamond  coatings.  These  jars  form  a  brilUant  and 
beautiAil  appearance  in  a  darkened  chamber,  6«.,  10«.  6d,,  18f.,  IZ.  4f. 

Franklin's  Two  Electrical  Jars,  one  of  them  belted  and  supported  on  a  f^aas  insulated 
piUar,  18«. 

Electrical  Batteries  of  various  sizes  and  numbers  of  jars.  By  means  of  arrangements  of 
this  kind,  quantity  and  intensity  of  the  electric  fluid  may  be  obtained  to  any  extent, 
15«.  to  5/. 

Cavallo's  self-charging  Jar,  ommU  of  along  ^aw  tube, partially  coated  inside  with 
tinfoil,  78.  Qd. 
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Small  Bottle  Director,  conyenient  for  giving  slight  shocks  to  inyallds,  bs,  6d. 

Glass  Apparatus  for  electrifying  the  eye,  6s.  6d. 

Glass  apparatus  for  passing  slight  electrical  shocks  into  the  ear,  6s,  6d. 

Pair  of  Electrical  Directors,  with  glass  insulating  handles,  for  conyeying  electricity  iu 
streams,  or  by  sparks,  7«.  6d, 

Magic  Picture,  for  giving  slight  electric  shocks,  7s,  6d, 

Jointed  Discharger,  essentially  useful  for  discharging  electrical  jars  and  batteries,  lOs. 
to  I4s. 

Discharger  without  a  joint  for  discharging  small  electrified  jars,  bs,  6d, 

Henley's  Universal  Discharger  and  Press.    This  apparatus  is  chiefly  employed  for  the 

deflagration  of  the  metals  by  electrical  discharges.    It  is  also  extremely  convenient  in 

many  galvanic  experiments,  U,  I2s, 

Adams's  Combined  Apparatus,  consisting  of  exhausted  flask,  two  small  Leyden  jars, 
luminous  conductor,  insulating  pillar,  and  exhausting  syringe.  Many  pleasing  and 
instructing  experiments  may  be  performed  with  this  apparatus,  SI.  Ss. 

Brass  Cup  or  Ladle  for  igniting  spirits  of  wine  or  other  equally  volatile  fluids  by  the 
electric  spark,  2s. 

Apparatus  with  two  hollow  metal  cups,  to  hold  phosphorus,  insulated  upon  glass  pillars, 
and  a  taper  situated  midway  between  them,  II.  Is.  to  IL  I  is.  6d. 

Mahogany  Model,  called  '^Thunder  House,"  to  explain  the  use  of  metallic  rods  as  a 
protection  to  buildings  firom  the  effects  of  lightning,  7s.  6d. 

Mahogany  Model,  termed  "Lightning  House,"  which  demonstrates  the  value  of  metallic 

conductors  to  houses  in  a  thunder  and  lightning  storm,  ISs. 
Mahogany  Model  of  an  obelisk  to  illustrate  the  properties  of  lightning  conductors,  lis. 
Electrical  Pistol  for  exploding  by  the  electric  spark  inflammable  gases,  7s.  6d. 
Brass  Cannon  to  illustrate  the  violence  of  an  explosion  when  a  confined  portion  of  a 

combustible  gas  is  ignited  by  the  electric  discharge,  129.  to  ISs. 

Cannons  for  firing  gilnpowder  by  the  electric  discharge,  6s. 

Fire  House  to  exhibit  the  intense  heat  evolved  in  the  electric  discharge,  sufficient  to 
ignite  tow,  saturated  with  resin,  spirits  of  wine,  or  other  combustibles,  I6s. 

Lullin's  Apparatus  for  exhibiting  the  perforation  of  compact  bodies  by  Uie  electrical 
discharge,  15^.  to  H.  5f. 

Two  Balls  of  different  diameters,  with  metallic  coatings,  for  the  purpose  of  illustrating 
the  conditions  of  electricity  usually  termed  intensify  and  qiianiityy  11.  7s, 

Brass  Rods,  terminated  by  balls  and  i^ints,  for  fitting  into  either  the  prime  conductor 
of  the  machines,  or  fixing  to  insulatmg  solid  glass  handles,  2s.  6d.  to  7s.  6d. 

Balls  of  !&[ass,  Ivory,  Bone,  and  Baked. Wood,  of  various  diameters,  for  experimental 

purpos^  6^.  to  Ss.  6d. 
Amalgam  in  boxes  for  electrical  machines,  1«.  to  2s.  6d. 
Tinfoil,  per  roll. 
Brass  Chain,  for  electrical  experiments,  per  yard. 


WATKINS  AND  HILL'S  GENERAL  DESCRIPTIVE  CATALOGUE,  vrith 
prices  affixed,  of  the  extensive  Assortment  of  Instruments  and  Apparatus  con- 
structed by  them  for  the  investigation  and  illustration  of  Experimental  Philosophy  and 
Chemistry. 

To  be  had  at  WATKJNS  and  HILL'S  Establishment,  5,  Charing  Cross,  London, 
and  of  all  Booksellers,  price  Is. 
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JANUARY,  1840. 


XXXIII.     On    the   connexion   between   Electricity   euid 
Vegetation.    By  Thomas  Pine^  Esq.,  Maidstone.* 

Reflecting  on  the  known  properties  of  the  electric  fluid, 
and  the  suitability  of  plants  in  their  relation  to  the  surround- 
ing elements  to  receive  its  influence,  I  was  led  to  regard  it  as 
highly  probable  that  v^tation  depends  much  on  this  prin- 
pie.  rrom  the  experiments  of  Mr.  Cavallo,  as  recently 
confirmed  by  those  of  Mr.  Sturgeon^f  I  had  learnt  that  the 
air  is  in  a  constant  state  of  positive  electricity;  hence  it 
seemed  reasonable  to  conclude  that  the  acute  extremities  of 
plants  in  a  living  srowine  state,  must  be  constantly  imbibing 
some  portions  of  the  fluid,  and  introducing  it  into  their  sub- 
stance. I  expected  that  their  attractive  energy  must  be  con- 
siderable, as  the  mutual  arrangement  has  much  the  appearance 
of  an  immense  apparatus  in  constant  operation ;  and  was 
strongly  confirmea  in  my  conclusion  by  observing  that  a 
common  blade  of  grass,  when  presented  to  the  prime 
conductor  of  an  electrical  machine,  gave  evident  proofs  of  a 
more  potent  attractive  and  conducting  power  than  appeared 
in  a  corresponding  metallic  point ;  the  fluid  appearing  to  flow 
toward  it  with  less  obstruction,  with  a  more  uniform  current, 
exhibiting  a  much  brighter  light,  and  at  ccmsiderably  greater 
distances.  In  some  experiments  made  in  the  month  of  June, 
a  metallic  point  and  a  vegetable  point  being  held  equidistant 
from  the  prime  conductor,  the  vegetable  point  continued  to 

*  Communicated  by  the  Author. 

+  Mr.  Sturgeon  favoured  me  with  a  most  obliging  letter  contain- 
ing ample  evidence  from  his  numerous  experiments  both  of  the 
general  fact  and  of  manv  interesting  particulars  relating  to  the 
subject,  the  contents  of  which,  I  trust,  will  appear  in  confirmation 
of  the  above  statement. 
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be  illuminated  till  it  had  reached  at  least  four  times  the  dis- 
tance at  which  the  metallic  point  ceased  to  exhibit  any  light, 
that  is  at  the  distance  of  about  fourteen  feet.  A  correspond- 
ing effect  attends  the  passing  of  the  contents  of  a  charged  jar 
through  a  vegetable  point ;  as  in  this  case,  the  human  body 
being  a  part  of  the  circuit,  the  jar  will  be  discharged  with 
almost  no  perceptible  effect  on  the  animal  frame,  yet  leaving 
hardly  any  resiouum;  whereas  if  a  metallic  point  be  employed, 
the  shock  will  be  more  sensibly  felt,  and  the  residuum  more 
considerable. 

Hence  it  follows  that  vegetable  points  must  be  acting  with 
a  great  and  continued  energy  upon  the  electricity  of  the 
atmosphere,  either  in  imparting  to  it  the  electric  matter  which 
it  unirormly  contains,  or  in  imbibing  the  fluid  from  the  at- 
mosphere, which  must  be  as  constantly  afforded  to  it  from 
some  other  source.  The  latter  conclusion  appears  by  far  the 
more  probable ;  since  it  is  impossible  to  account  for  continual 
supplies  of  electric  fluid  from  an  earth  in  a  constant  state  of 
negation  with  respect  to  its  atmosphere;  whereas  the  at- 
mosphere is  constantly  receiving  solar  rays  which  possess 
some  if  not  all  the  properties  of  electric  matter.  There  are 
so  many  points  of  resemblance,  if  not  identity,  between  the 
phenomena  respectively  ascribed  to  light,  caloric,  and  electri- 
city, that  much  fewer  difficulties  will  probably  be  found  to 
attend  the  hypotheses  that  they  are  but  different  effects 
arising  frt>m  one  commcm  cause  or  source,  than  from  the  con- 
clusion that  they  are  produced  by  so  many  distinct,  yet  ail- 
pervading,  fluids.  If  the  ball  of  a  thermometer  be  electrified, 
by  first  moistening  it  for  an  exterior  coating,  while  the  in- 
terior coating  is  formed  by  the  mercury,  a  stream  of  light  will 
shoot  through  the  vacuum  to  the  summit  of  the  tube,  showing 
that  the  fluid  is  essentially  luminous.  Is  it  not  then  essentially 
the  same  with  light,  and  does  not  the  latter  possess  electrical 
properties  in  common  with  the  former  ?  If  this  be  admitted, 
it  appears  to  me  that  vegetation,  through  every  stage  of  its 
process,  from  the  germinating  seed  to  the  full  grown  and 
perfected  plant,  will  be  found  admirably  to  accord  with  such 
influences  from  the  sun,  whether  by  his  mrect  rays,  or  through 
the  instrumentality  of  the  air  and  vapours. 

The  several  varieties  of  form  and  properties  to  which 
plants  are  subjected  in  their  progress,  seem  adapted  to  cor- 
responding electric  influences  from  the  respective  elements.*. 

*  I  venture  to  use  the  old  term,  not  having  a  better,  to  designate 
the  principal  divisions  of  our  atmosphere,  though  two  of  them  are 
now  well  Known  to  be  compound  bodies. 
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Thus  the  seed  in  the  loosened  soil,  the  pointed  germ  issuing 
from  its  surface,  and  the  bud  on  the  branching  tree,  appear 
peculiarly  fitted  by  their  acute  rigid  extremities  to  receive  the 
exciting  influences  of  an  electrified  air,  which,  by  its  gradual 
swell  and  agitated  movements,  in  the  early  spring  season, 
presses  against  them  continually  in  successive  eddies,  con- 
veying to  each  of  them  some  of  its  electric  matter.  It  appears 
to  me  that  this  simfde  principle,  in  conjunction  witn  an 
occasional  supply  of  the  same  fluid  from  vapours,  together 
with  their  moisture,  will  in  a  considerable  degree  account  for 
the  first  excitement  and  germination  of  plants ;  especially 
when  it  is  considered  that  every  preparation  seems  made  for 
debating  the  atmosphere  thus  to  act  on  the  embryo  plants  at 
this  season.  Freed  from  vapours  by  the  condensing  efiects  of 
cold  in  the  preceding  winter,  it  is  now  in  a  peculiar  state  of 
dr3rness ;  and  now  the  glancing  rays  of  the  sun  accumulate  in 
it  and  render  it  strongly  electrical.  This  accumulation  must 
be  much  favoured  by  the  absence  of  foliage  in  the  larger  and 
more  vigorous  parts  of  the  vegetable  kingdom  at  this  crisis ; 
for  the  transpiration  of  moisture  from  the  expanded  leaf  neu- 
tralizes myriads' of  solar  rays,  and  charges  the  atmosphere 
with  vapours;  but,  in  consequence  of  the  whole  class  of 
indigenous  plants  presenting  nothing  but  minute  buds  from 
their  ramifying  branches,  no  rays  are  neutralized,  and  no 
vapours  are  formed,  from  them.  Consequently  all  those  rays, 
which  would  otherwise  have  been  thus  neutralized,  are  left 
floating  electrically  in  the  pure  air,  or  entering  its  pores  in 
small  portions,  serve  a  little  to  raise  its  temperature  and 
swell  its  volume,  and  so  to  aid  the  general  efibct. 

l*hat  the  rays  of  the  sun  entering  the  atmosphere  at  this 
season,  at  acute  angles  with  the  earth,  must  tend  considerably 
to  cause  them  to  lodge  and  accumulate  in  the  strata  above 
in  the  form  of  electricity  seems  evident  in  itself,  and  to 
receive  confirmation  from  the  very  large  accumulations  of  it 
in  the  polar  regions  at  the  periods  when  the  sun  is  at  his 
greatest  distances  from  the  zenith  of  the  respective  poles ; 
for  to  what  more  probable  cause  can  these  agreeable  and 
wdcome  Hghts  be  ascribed,  bat  to  a  very  large  portion 
of  the  almost  parallel  rays  resting  in  the  higher  and  more 
attenuated  regions  of  the  atmosphere  in  those  quarters; 
and  thus  in  some  degree  administering  the  several  benefits  of 
light,  warmth,  and  electricity,  to  those  otherwise  deserted 
parts  of  the  ^obe  ?  But  we  are  not  left  to  conjecture  as  to 
the  fact,  Mr.  Sturgeon  having  generously  informed  me,  as 
the  result  of  his  numerous  atmospherical  experiments,  that 
the  strongest  electricity  exists  in  the  air  at  this  season,  and 
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under  the  influence  of  those  cold  drying  winds  by  which  it  is 
distinguished :  and  this  is  in  entire  conformity  with  the 
observations  I  have  occasionally  made.  The  following  ex- 
periment will  tend  to  show  its  influence  on  vegetation. 

On  the  28th  of  April  1  sowed  mustard  seed  in  similar  soils, 
contained  in  two  jars,  one  electrified  positively,  the  other 
negatively.     The  covers  being  removed  they  were  both  left 
open  to  the  action  of  the  atmosphere.  In  four  days  the  plants 
appeared  in  both  jars,  but  those  in  the  negative  jar  were 
the  most  advanced ;  while  no  plants  appeared  till  about  two 
days  later  from  a  similar  sowing  at  the  same  time,  unelectri- 
fied.     On  the  12th  of  May  the  plants  in  the  negative  jar  had 
grown  to  2f  inches,  those  in  the  positive  jar  to  2^  inches,  in 
height ;  those  unelectrified  rather  remaining  in  the  ordinary 
state  to  1|  inch.     The  electrified  plants  were  vigorous  and 
flourishing  in  proportion  to  their  height.      This  result  in 
favour  of  the  plants  negatively  electrified  must  have  arisen 
chiefly  from  the  relative  superiority  of  electric  matter  in  the 
atmosphere;  in  the  case  of  those  positively  electrified  the 
absolute  quantity  was  increased,  but  the  relative  difiference 
between  those  and  the  atmosphere  somewhat  reversed.  Hence 
it  appears  that,  while  much  depends  on  electric  influence,  its 
positive  state  in  the  atmosphere  as  contrasted  with  the  soil 
operates  most  efiectually  on  vegetation.     The  difference  of 
more  than  half  in  height  in  favour  of  the  former,  above  those 
in  the  natural  state,  strongly  encourages  the  conclusion  that 
the  constant  accessions  of  electric  fluid  in  the  atmosphere 
at  the  spring  of  vegetation  constitutes  its  influence,  and  that 
on  the  degrees  of  that  influence  depends  in  a  great  measure 
the  rapidity  and  vigour  of  its  rise  and  progress.     A  medical 
electrician,  residing  in  this  town,  acquainted  me  with  the 
following  particulars : — A  narcissus  plant  when  in  a  very  weak 
and  languishing  state  being  placed  in  the  room  in  which  his 
powerfiil  machine  was  kept  in  frequent  action,  soon  began  to 
show  signs  of  extraordinary  vigour;  it  grew  to  the  height  of 
36  inches,  and  was  stout  and  luxuriant  in  proportion.     Some 
branches  of  the  moss  rose,  and  various  other  flowers  in  the 
room,  retained  their  colours  while  the  seeds  were  forming, 
during  about  five  weeks,  and  at  length  dropped  off  without 
losing  their  freshness.     These  and  some  other  particulars 
which  he  related  to  me,  on  the  correctness  of  which  I  have 
reason  to  rely,  show  the  vast  advantages  that  might  be 
expected  to  result  from  a  continued  powerfiil  electricity  in  the 
atmosphere,  accompanied  with  a  suitable  temperature  and 
dryness.     Tf  a  plant  can  be  made  to  expand  to  thrice  its 
orain€U7  dimensions,  by  an  artificial  increase  of  positive  elec- 
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tricity,  and  that  in  a  confined  situation,  where  the  direct  rays 
of  the  son  could  hardly  exert  their  ordinary  influence,  how 
important  must  be  the  operation  of  this  principle,  in  propor- 
tion as  it  should  seem,  to  the  degrees  in  which  it  obtains ! 
But  it  must  be  by  the  proper  union  of  its  several  properties  of 
light,  heat,  and  electricity  combined,  that  its  greatest  and 
niobt  salutary  efieets  on  plants  are  produced;  and  accordingly 
by  far  the  richest  and  most  copious  productions  of  the  vege- 
t^ible  kingdom  are  found  in  those  climes  in  which  the  solar 
beams  are  most  abundantly  distributed.  A  very  satisfactory 
proof  of  the  electric  operation  of  those  beams  appears  in  the 
following  extract  Irom  the  Atlas,  to  which  1  was  referred  by 
my  valued  friend  and  coadjutor,  Mr.  Weekes.  *'  For  the  double 
purpose  of  ascertaining  the  power  of  spines  in  modifying 
the  electric  relation  of  the  atmosphere  and  the  earth,  and  in 
effecting  the  progress  of  vegetation  by  their  electric  influence, 
M.  Astier  insulated  a  sextuple  spine  of  the  gleditzia  triacan- 
thos  at  the  top  of  his  house,  and  brought  a  wire  to  it  from  an 
insulated  pot,  in  which  were  planted  five  grains  of  maize :  a 
similar  sowing  was  made  in  an  uninsulated  pot,  for  the  purpose 
of  comparison.  The  experiment  continued  from  the  6th  to 
the  20th  of  June,  including  two  stormy  days.  The  electro- 
meter gave  considerable  signs  of  electricity  in  the  flower  pot, 
and,  by  using  the  condensor,  sparks  were  produced.  The 
electrified  grains  were  found  to  pass  more  rapidly  through  the 
first  stages  of  vegetation.  When  Bengal-rose  trees  were  sub- 
mitted to  the  same  experiment,  the  flowers  of  the  electrified 
plant  appeared  more  rapidly  and  more  abundantly  than  in  the 
other  case.'* 

I  trust  it  will  have  sufficiently  appeared  from  the  above 
statements  that  the  commencing  stages  of  vegetation  are  in 
a  great  degree  caused  or  promoted  by  the  influence  of  the 
electric  fluid  which  is  lodged  in  the  dry  air  of  our  atmosphere 
at  the  season  of  germination.  Additional  evidence  is,  no 
doubt,  highly  desirable^  and  experiments  of  a  more  decisive 
and  interesting  character  could  easily  be  devised  were  the  atten- 
tion of  those  who  have  good  opportunities  of  connecting  the 
cultivation  of  plants  with  electrical  inquiries  more  particidarly 
directed  to  the  subject.  With  respect  to  my  leading  position 
of  the  superior  conducting  efficacy  of  vegetable  points,  and 
their  extensive  influence  on  atmospheric  electricity,  the  most 
accurate  scientific  proof  will  be  seen  in  the  annexed  very 
obliging  and  admirable  letter  of  Mr.  Weekes.  And  I  have 
only  to  add,  on  this  head,  that  our  correspondence  took  its 
rise  from  some  hints  he  had  received  concerning  my  humble, 
but  I  trust  not  unimportant,  discovery,  and  the  inferences  I 
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was  beginning  to  deduce  from  it.  The  ardour  with  which  he 
engaged  in  the  inquiry  will  best  appear  from  his  own  state- 
ments, from  which  I  shall  no  longer  suspend  the  attention  of 
your  readers ;  only  congratulating  them  on  his  recent  discovery 
of  the  decomposition  of  water  by  vegetation,  as  related  by  him 
in  the  last  Number  but  one  of  these  valuable  Annals  of 
Electricity ;  a  discovery  which  must  form  a  most  interesting 
addition  to  general  science,  as  well  as  much  assist  our 
researches  into  the  principles  of  vegetation. 

fTo  be  continued,  J 

Sandwich,  May  31,  1828. 
Dear  Sir, 

Various  circumstances  have  united  to  occasion  a  tedious 
delay  in  our  correspondence  since  I  last  addressed  you,  and 
promised  an  investigation  of  your  ingenious  theory  of  electri- 
city. However,  I  find  I  have  by  no  means  had  too  much 
time  for  a  fair  and  impartial  examination  of  the  subject,  the 
interest  of  which,  to  me,  has  been  such  as  to  excite  experi- 
ment fsLT  beyond  my  intentions  at  the  outset.  The  final 
result  in  my  mind  is  an  entire  conviction  that  your  opinions 
are  well  founded,  and  have  stood  the  test  of  the  severest  trials 
to  which  they  could  be  subjected.  The  vast  superiority  of 
vegetable  over  metallic  points  in  the  drawing  off  and  accumu- 
lating electric  matter,  is,  I  conceive,  a  subject  of  great  interest 
and  importance.  A  coated  jar  having  46  inches  of  metallic 
surface  was  repeatedly  discharged  by  the  activity  of  a 
vegetable  point  in  4  min.  6  sec. ;  while  the  same  jar  charged 
to  the  same  degree,  required  11  min.  18  sec.  to  nree  it  from 
its  electric  contents  by  means  of  a  metallic  point:  the  points 
in  both  cases  being  equidistant.  I  find  also  that  Benett's 
gold  leaf  electroscope  (a  delicate  instrument)  is  powerfully 
affected  by  a  charged  jar,  at  the  distance  of  nearly  7  feet, 
when  the  brass  cap  of  the  instrument  is  furnished  with  a 
branch  of  the  shrub  called  butcher^s  broom,  and  which  I  have 
found  of  great  use  in  my  experiments.  The  same  delicate 
instrument  when  mountea  with  pointed  metallic  wires  is  not 
perceptiblv  affected  until  the  charged  jar  approaches  to  within 
2  feet  of  the  cap.  I  must  not  think  of  troubling  you  with  the 
details  of  all  that  I  have  been  about  as  regards  this  investiga- 
tion; but  one  circumstance  has  proved  too  pleasing  to  be 
wholly  omitted. 

Let  a,  6,  c,  fig.  1,  Plate  VI,  represent  a  large  street  lamp 
HI  an  inverted  position,  mounted  with  a  brass  cap  dy  through 
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irhich  passes  a  stout  wire  a/,  having  a  brass  knob  at/^  and  a 
{>air  of  small  pith  balls  attached  to  the  wire  just  above  the 
knob.  ^  is  a  portable  stand  with  two  metallic  discs,  one  on 
each  side  of  the  wire  and  rising  to  a  level  with  the  pith  balls. 
A  is  a  small  branch  of  the  butcher's  broom  fixed  by  a  twine 
to  the  upper  extremity  of  the  wire  e/.  This  apparatus  I 
have  for  many  weeks  past  had  in  almost  daily  use^  nor  can  I 
expre&s  the  pleasure  it  has  afforded  to  myself  and  friends  by 
its  frequent  indications  of  atmospheric  electricity ;  for,  armed 
with  your  vegetable  detectors,  it  has  shown  symptoms  of 
electricity  by  the  passing  of  clouds  at  a  great  altitude,  and 
under  various  other  circumstances  in  which  electrometers 
with  metallic  points  placed  by  its  side  gave  nO  indications 
whatever.  This  appears  to  me  so  decided  a  proof  of  the 
superiority  of  vegetable  conductors,  that  it  admits  of  no  con- 
tradiction. 

The  correctness  of  your  opinions  respecting  the  influence 
of  electricity  upon  the  growth  of  plants,  appears  to  me  to  be 
sufficiently  proved  by  the  following  experiments.  Two  small 
flower  pots  filled  with  rich  mould  were  taken  for  the  purpose 
in  doors.  A  few  grains  of  mustard  seed  were  sowed  in  each ; 
both  were  kept  gently  watered,  but  one  pot  was  innUated 
and  frequently  electrified  under  circumstances  which  kept  it, 
as  it  were,  in  an  electrical  atmosphere.  The  other  pot  had 
no  such  attention  shown  to  it,  and  the  result  proved  what  you 
probably  would  anticipate.  The  vegetation  of  the  electrified 
seeds  appeared  several  days  before  the  others,  and  continued 
afterwards  to  grow  with  a  much  greater  degree  of  vigour.  As 
a  lover  of  science  yon  can  easUy  imagine  the  pleasure  these 
pursuits  have  yielded,  and  to  this  has  succeeded  an  anxious 
desire  that  you  should  speedily  assert  your  claims,  or  I  appre- 
hend you  will  lose  your  just  title  to  originality.  I  send  you  an 
extract  which  lately  fell  in  my  way ;  the  perusal  of  which  I 
hope  will  put  you  on  the  alert.  The  extract  is  from  Taylor's 
**  System  of  Philosophy, **  in  which  the  author  has  written  a 
great  deal  of  downright  nonsense ;  but  still  it  appears  he  had 
somewhere  obtained  a  glimpse  of  the  same  opimon  by  which 
you  are  animated  on  this  suoject. 

'*  The  leaves  of  plants  act  as  so  many  spicula  to  attract  the 
electricity  of  the  air  and  solar  rays ;  hence  very  high  trees  are 
so  many  natural  conductors,  attracting  a  vast  quantity  of 
electric  fluid,  and,  consequently,  put  forth  a  luxuriance  of 
foliage  proportionate  thereto."  Kevietv  of  Books.  Quarterly 
Journal  of  Science,  October,  1826. 

You  see  by  these  approaches  towards  your  thewy  and  facts, 
70U  ought  to  lose  no  time  in  securing  the  just  praise  of  origin- 


Digitized  by  CjOOQ  IC 


248  Mr.  Pine,  on  the  connexion  between 

ality,  to  which  you  are  doubtless,  entitled.  My  health  being 
now  perfectly  restored  I  am  very  actively  engaged,  or  I  could 
willingly  have  written  at  greater  length,  but  must  conclude 
with  saying, 

I  am,  dear  sir. 

Very  faithfully  yours, 

W.  H.  WEEKES. 
To  Thomas  Pine,  Esq. 


Woolwich,  Dec.  2d,  1832, 
My  dear  Sir, 

It  is  with  a  very  great  deal  of  pleasure  that  I  have  read 
your  letter  stating  your  intention  of  publishing  your  views  on 
some  of  the  most  interesting  phenomena  of  nature,  and  permit 
me  to  acknowledge  that  I  feel  much  honour  by  your  selecting 
my  humble  authority  in  giving  assistance  to  your  efforts; 
and  I  can  assure  you  that  nothing  shall  be  wanting  on  my 
part,  as  far  as  experience  has  enabled  me  to  draw  conclusions, 
to  forward  your  very  laudable  object. 

In  the  first  place,  then,  I  perfectly  agree  with  you,  as  to 
the  solution  of  the  results  of  Sir  H.  Davy^s  experiments  on 
corn ;  for  the  positive  pole  of  a  voltaic  battery  would  supply 
the  animating  electric  fluid  to  the  germinating  seed  in  pre- 
cisely the  same  manner  that  nature  supplies  it  from  the 
atmosphere  to  the  ground.  As  Sir  Humpnrey  does  not  state 
from  what  ^^  experiments  made  on  the  atmosphere"  he  draws 
his  conclusions  "that  clouds  are  usually  negative,"  I  am 
unable  to  form  any  opinion  respecting  them.  Sut  I  must  beg 
permission  to  state,  that  such  a  conclusion  is  quite  at  variance 
with  the  results  of  my  experiments.  It  is  true  1  have  obtained 
negative  charges  at  the  kite  string,  but  the  instances  are  very 
few  indeed.  Those  which  did  occur  were  only  whilst  heavy 
clouds  passed  over  the  kite ;  the  indications,  both  before  and 
after  the  clouds'  transit,  being  invariably  positive.  And  even 
in  those  temporary  exhibitions  of  negative  electricity,  I  am 
very  far  from  concluding  that  the  douds  themselves  were 
negatively  electric.  The  indications  were  those  of  the  kite, 
which  was  floating  much  lower  than  the  clouds  :  and  the  air 
vicinal  to  the  kite  was  consequently  the  only  part  of  the 
atmosphere  explored  during  each  experiment,  which  air  pro- 
bably became  negative  or  deprived  of  most  of  its  natural  elec- 
tricity by  the  repulsive  force  of  the  accumulated  electric 
matter  in  the  positively  charged  clouds.  This  assertion  can 
hardly  be  construed  into  *' begging  the  question"  or  "strain- 
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ing  a  point;'*  because  such  phenomena  are  easily  produced  by 
experiment  and  must  necessarily  frequently  occur  in  nature. 

To  ascertain  directly,  the  electric  state  of  clouds,  the  kite 
ought  to  be  immersed  immediately  in  those  we  wish  to  explore. 
No  such  experiments  have  yet  been  made.  I  am  of  opinion 
that  my  kites  have  been  nearer  to  the  clouds  than  any  hitherto 
employed  for  experiments  of  this  kind.  Many  experimenters 
have  contented  themselves  with  400  or  500  yards  of  string, 
and  others  have  drawn  their  conclusions  without  employing 
any  kite  in  their  experiments,  from  experiments  made  with 
an  apparatus  not  much  longer  nor  very  unlike  an  Angler's 
Rod ! ! !  llie  results  which  I  have  obtained  from  about  300 
experiments,  at  nearly  all  seasons  of  the  year,  and  at  all  times 
of  the  day,  and  many  at  night,  induce  me  to  believe  that  the 
general  electric  state  of  the  atmosphere,  with  its  contained 
clouds,  vapours,  &c.,  is,  with  reference  to  the  eeLVih,  positive. 
For^  notwithstanding  those  very  rare  aberrations  from  the 
general  results  which  I  have  noticed  at  the  kite  string  during 
the  transit  of  a  fieeting  cloud,  they  appear  to  me  (in  the  way 
which  I  think  they  operate)  to  he  favourable  than  otherwise 
to  the  conclusions  at  which  1  have  arrived.  Moreover^  I  find 
from  experience,  that  bodies  generally,  when  in,  what  is  usually 
called,  their  natural  electric  state,  have  not  an.ecjuable  dis- 
tribution of  the  electric  matter  on  every  part  of  their  surfisices; 
but,  on  the  contrary,  that  each  individual  body  or  substance, 
when  in  this,  its  natural  state,  exhibits  different  electric  ten- 
sions on  various  parts  of  its  surface.  So  it  is  in  the  atmos- 
phere, that  at  difi'erent  times^  and  at  different  altitudes  at  the 
same  time,  different  electric  tensions  are  exhibited. 

All  electrical  phenomena  are  relative^  and  consequently  all 
our  calculations  respecting  them,  have  no  other  basis  but  the 
ever  varying  degrees  of  those  relations.  But,  notwithstanding 
the  variations  in  the  extent  or  degrees  of  those  relations,  the 
relations  themselves  appear  to  be  constant  and  uniform. 
Therefore  I  conclude  generally  (and  my  conclusions  are  from 
direct  experiments)  that  the  atmosphere,  taken  as  a  whole,  is 
constantly  in  an  electro-positive  state  with  reference  to  the 
earth ;  and  that  in  the  atmosphere  itself,  the  upper  regions 
are  constantly  electro-positive  with  reference  to  all  those 
situated  nearer  to  the  siu^ieice  of  the  earth.  Hie  strata  of  ait 
near  to  the  earth's  surfietce  are  therefore  in  an  intermediate 
state  of  electricity  with  reference  to  the  upper  strata  and  the 
body  of  the  earth,  the  earth  itself  being  negative  to  the  whole. 

liiese  results,  my  dear  sir^  are,  in  my  opinion,  of  a  very 
decisive  character ;  and  if  you  deem  them  of  sufficient  im- 
portance to  be  taken  into  consideration  whilst  framing  your 
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theory  of  electro  vegetation  (pardon  me  for  inverting  the  term 
"vegetable  electricity")  they  are  quite  at  your  service;  and 
if  you  are  desirous  of  stating  the  authority,  you  are  perfectly 
at  liberty  to  do  so. 

Whilst  writing  this  letter  (between  six  and  seven  in  the 
evening)  a  tremendous  thunderstorm  passed  over  this  place. 
Half  an  hour  before,  the  sky  was  quite  clear,  the  moon  and 
stars  shone  with  great  lustre. 

I  am.  Dear  Sir, 

With  very  great  respect. 
Yours  very  truly, 

W.  STURGEON. 
To  Thomas  Pine,  Esq, 


XXXIV.    On  the  Colours  of  Mixed  Plates.  By  Sir  David 
Brewster,  if.G.i/.  F.R,S.* 

Received  October  25, — Read  December  14,  1837. 

The  colours  of  mixed  plates  were  discovered  by  Dr.  Tho- 
mas Young,t  and  described  in  the  Philosophical  Transactions 
for  1802.  He  produced  them  by  interposing  small  portions 
of  water,  or  butter,  or  tallow  between  two  plates  of  glass,  or 
two  object  fflasses  pressed  together  so  as  to  give  the  ordinary 
colours  of  thin  plates.  In  this  way  portions  or  cavities  of  air 
were  surrounded  with  water,  butter,  or  tallow;  and  on  look- 
ing through  this  combination  of  media  he  saw  fringes  or  rings 
of  colour  six  times  larger  than  those  of  thin  plates  that  would 
have  been  produced  had  air  alone  been  interposed  between 
the  glasses.  These  fringes  or  rings  of  colour  were  seen  by 
the  direct  light  of  a  candle,  and  began  from  a  white  centre 
like  those  produced  by  transmission;  but  on  the  dark  space 
next  the  edge  of  the  plate.  Dr.  Youne  observed  another  set 
of  fringes  cft  rings,  complement€U7  to  the  first,  and  beginning 
from  a  black  centre  like  those  produced  by  reflection.  This 
last  set  of  colours  was  always  brighter  than  the  first. 

The  foUowing  is  Dr.  Young's  explanation  of  these  two 
series  of  colours. 

^'  In  order  to  understand,"  savs  he^  '^  this  circumstance, 
we  must  consider  that  where  a  dark  object  is  jdaced  behind 
the  glasses^  the  whole  of  the  light  which  comes  to  the  eye  is 

•  From  the  Transactions  of  tiie  Royal  Society  for  1888. 

f  Since  this  paper  was  written  I  find  that  this  class  of  ookmrs 
was  discovered  by  M.  Mazeas,  and  that  bis  experiments  were 
repeated  and  varied  by  M.  Dutour. 
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either  refracted  through  the  edges  of  the  drops,  or  reflected 
from  the  internal  sur&ce ;  while  the  light  which  passes  through 
those  parts  which  are  on  the  side  opposite  to  the  dark  object 
consists  of  rays  re&acted  as  before  through  the  edges,  or 
simply  passing  through  the  fluid.  The  respective  combina- 
tions of  these  portions  of  light  exhibit  a  series  of  colours  of 
different  orders,  since  the  internal  reflection  modifies  the 
interference  of  the  rays  on  the  dark  side  of  the  object,  in  the 
same  manner  as  in  the  common  colours  of  thin  plates  seen  by 
reflection.  When  no  dark  object  is  near,  both  these  series 
of  colours  are  produced  at  once;  and  since  they  are  always  of 
an  opposite  nature  at  any  given  thickness  of  a  plate,  they 
neutralize  each  other  and  constitute  white  light."* 

In  so  fiEur  as  I  know,  these  observations  have  not  been  re- 
peated by  any  other  philosopher;  and  subsequent  authors 
have  only  copied  Dr.  Young's  description  of  the  phenomena 
and  acquiesced  in  his  explanation  of  them,  [n  taking  up  this 
subject  I  never  doubted  the  accuracy  or  the  generality  of  the 
results  obtained  by  so  distinguished  a  philosopher.  I  was 
induced  to  study  the  phenomena  of  mixed  plates  as  auxiliary 
to  a  more  general  inquiry ;  and  having  observed  new  pheno- 
mena of  colour  in  mineral  bodies,  which  have  the  same  origin 
as  those  of  mixed  plates,  and  which  lead  to  conclusions  dif- 
ferent from  those  of  Dr.  Young,  I  am  anxious  that  they 
should  be  described  in  the  same  work  which  contains  his  ori- 
ginal observations. 

Havingexperiencedconsiderabledifficultyinobtainingsatis- 
factory  specimens  of  the  colours  of  mixed  plates  by  using  the 
substances  employed  by  Dr.  Young,  I  soughtfbr  a  method  of  pro- 
ducing them  which  should  be  at  once  easy  and  infallible  in  its 
effects.  With  this  view  I  tried  transparent  soap,  and  whipped 
cream,  which  gave  tolerablv  good  results :  but  I  obtained  the 
best  effect  by  using  the  white  of  an  egg  beat  up  into  froth. 
To  obtain  a  proper  film  of  this  substance  I  place  a  small 
quantity  between  the  two  glasses,  and  having  pressed  it  out 
into  a  film  I  separate  the  glasses,  and  by  holding  them  near 
the  fire  I  drive  off  a  little  of  the  superfluous  moisture.  The 
two  glasses  are  again  placed  in  contact,  and  when  pressed 
togetner  so  as  to  produce  the  ccJoured  finnges  or  rings^  they 
are  then  kept  in  their  place  either  by  screws  or  by  wax,  and 
may  be  preserved  for  any  length  of  time. 


*  Philoflophical  Transactions,  1802.  Dr.  Young  republished  the 
same  explanation  of  mixed  plates  in  1807  in  bis  Clements  of  Na- 
tural Philosophy.    See  vol  u  p-  470,  787;  vol  ii.  635,  680. 
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If  we  now  examine  with  a  magnifier  of  small  power  the 
thin  film  of  albumen,  we  shall  find  that  it  contains  thousands 
of  cavities  exactly  resembling  the  strata  of  cavities  which  1 
have  described  as  occurring  in  topaz,  quartz,  sulphate  of  lime 
and  other  minerals  :*  and  if  we  look  through  the  film  at  the 
margin  of  the  flame  of  a  candle,  we  shall  perceive  the  two 
sets  of  colours  described  by  Dr.  Young,  the  one  upon  the 
luminous  edge  of  the  flame,  and  the  other  on  the  dark  space 
contiguous  to  it.  The  first  we  shall  call  the  direct,  and  the 
second,  which  are  always  the  brightest,  the  complementary 
fringes. 

If  we  apply  a  higher  magnifying  power  to  the  albuminous 
films,  and  bring  the  edge  of  one  of  the  cavities  to  the  mar- 
gin of  the  flame,  we  shall  perceive  that  both  the  direct  and 
the  complementary  colours  are  formed  at  the  very  edge,  the 
complementary  ones  appearing  lust  when  the  direct  ones  have 
disappeared,  by  the  withdrawal  of  the  edge  from  the  flame. 

As  the  colours  therefore  are  produced  solely  by  the  edges 
of  the  cavities,  their  intensity  must,  cceteris  paribus,  depend 
on  the  smallnes9  of  the  cavities,  or  the  number  of  edges 
which  occur  in  a  given  space.  When  we  succeed  in  forming 
an  uniform  film  in  which  the  cavities  are  like  a  number  of 
minute  points,  the  phenomena  are  peculiarly  splendid  and  we 
are  enabled  to  study  them  with  greater  facility.  When  the 
edges  of  these  cavities  are  seen  by  an  achromatic  microscope, 
and  in  direct  light,  neither  the  durect  nor  the  complementary 
colours  are  visible ;  but  if  we  gradually  withdraw  the  lens 
from  the  cavities  a  series  of  beautiful  phenomena  appear. 
When  t  he  vision  first  becomes  indistinct  both  the  direct  and  the 
complementary  colours  appear  at  the  same  time,  specks  of 
the  complementary  red  alternating  with  brighter  specks  of 
the  direct  green  light.  By  increasing  the  distance  of  the 
lens  from  the  cavities,  the  complementary  specks  become  less 
and  less  visible,  and  we  see  omy  the  direct  green  light. 

In  order  to  study  these  phenomena  by  observing  the  action 
of  a  single  edge  upon  light,  and  to  ascertain  the  efiect  of  an 
edge  when  there  were  no  prismatic  edges  to  refract,  and  no 
internal  surface  to  reflect  light,  I  conceived  the  idea  of  im- 
mersing thin  plates  of  a  solid  substance  in  a  fluid  of  such  a 
refractive  power,  that  the  thickness  of  the  plates  should  be 
virtually  reduced  to  the  same  degree  of  thinness  as  the  fiim  of 
albumen  between  the  plates  of  glass.  The  new  substance 
described  by  Mr.  Homer,t  and  which  I  shall  call  nacrite, 

*  Edin.  Trans,  vol.  x.  Part  !•  407. 

f  Philosophical  Transactions,  18S6,  p.  49, 
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furnished  me  with  the  means  of  performing  this  experiment. 
I  accordingly  inclosed  the  thinnest  films  of  it  between  two 
plates  of  glass  containing  balsam  of  capivi ;  and  I  had  the 
satisfaction  of  observing  that  the  bounding  edge  of  the  plate 
and  the  fluid  produced  the  identical  direct  and  complementary 
colours  above  described. 

The  bounding  edge  which  I  selected  for  observation  gave 
a  bright  green  for  the  direct,  and  a  bright  red  for  the  com^ 
plemenfary  tint.  This  edge  appeared  as  a  narrow  distinct 
black  line,  exceedingly  well  defined,  and  of  a  uniform  breadth 
like  the  finest  micrometer  wire.  It  consequently  obstructed 
the  incident  light  and  produced  the  phenomena  of  diffiracted 
fringes.  These  fringes,  however,  were  modified  by  the  necu- 
liar  circumstances  under  which  they  were  produced,  and  ex- 
hibited in  their  tints  both  the  direct  and  complementary 
colours  under  consideration. 

When  the  diffiracted  fiinges  are  viewed  in  candle-light  by 
a  lens  placed  at  a  greater  distance  from  the  diffiractiug  edge 
than  its  principal  focus,  the  middle  of  the  system  of  fringes 
corresponding  to  the  difiracted  shadow  of  a  fibre  is  occupied 
with  the  direct  tint,  which  we  shall  suppose  to  be  green ;  and 
on  each  side  of  this  green  shadow,  as  we  may  caU  it,  we  ob- 
serve very  faintly  the  complementary  red  tinging  what  are 
called  the  two  first  exterior  fringes.  This  tinge  of  red  is 
strongest  in  the  first  firinge.  within  the  solid  edge,  or  within 
the  green  shadow,  while  it  is  yellowish  in  the  first  fringe 
without  the  green  shadow.  These  efiects  are  inverted  if  we 
place  the  lens  nearer  to  the  edge  than  its  principal  focus. 

The  phenomena  now  described  appear  more  distinct  if  we 
take  an  extremely  narrow  piece  of  nacrite,  having  its  two 
ed^es  nearly  in  contact,  and  transmitting  only  a  narrow  line 
of  Ught.  In  this  case  the  two  red  fringes  within  the  solid 
edge  unite  their  tints,  and  become  a  bright  red  ;  and  in  like 
manner  if  we  place  the  lens  nearer  the  solid  edges  than  its 
principal  focus,  the  two  yellow  firinges  will  unite  their  tints, 
and  become  a  brighter  yellow  band.  In  this  last  case,  when 
the  two  bounding  edges  are  still  nearer  each  other,  the  united 
firinges,  in  place  of  being  yellow,  will  be  green,  or  the  same  as 
the  direct  colour. 

If  we  bring  the  edges  of  two  pieces  of  nacrite  of  equal  thickness 
very  near  each  other,  having,  as  formerly,  green  for  the  direct, 
and  red  for  the  complementary  colour,  the  space  between  the 
edges,  or  between  the  green  bands,  will  be  fietint  red  when  the 
lens  is  nearer  the  edges  than  its  principal  focus,  and  yellow 
when  it  is  further  from  them ;  but  if  the  edges  are  brought 
still  nearer,  the  faint  red  will  become  brighter,  and  the  united 
green  bands  will  take  the  place  of  the  yellow  one. 
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Let  us  now  return  to  our  plate  of  nacrite  with  a  single 
edge^  having  green  and  red  for  the  two  tints ;  and  let  us 
always  suppose  that  the  lens  is  adjusted  to  observe  the 
difiracted  fringes^  that  is,  that  the  lens  is  placed  at  a  greater 
distance  from  the  difiracting  edge  than  its  principal  focus. 
We  shall  also  suppose  that  the  light  of  the  sun  passing  through 
a  narrow  aperture  parallel  to  the  difiracting  edge  is  substi- 
tuted for  the  light  of  a  candle.  Under  these  circumstances  the 
central  part  of  the  system  of  fringes  seen  by  light  incident 
perpendicularly,  consists  of  blue*,  green,  and  yellow  light, 
constituting,  as  it  were,  the  shadow  of  the  edge,  the  blue 
light  being  on  the  same  side  as  the  plate  of  nacrite^  and  the 
yellow  rays  encroaching  upon  the  exterior  faint  red  band 
already  described,  the  other  red  band  next  the  blue  being 
more  distinctly  seen.  If  we  now  incline  the  incident  ray  to 
the  plate  of  nacrite  more  than  90°,  the  feint  red  band 
next  the  yeUow  gradually  becomes  brighter,  while  the  other 
bands  become  fainter ;  and  at  the  boundary  of  light  and  dark- 
ness all  the  other  bands  disappear  except  this  red  one,  which 
is  the  complementary  colour  to  the  green,  (produced  by  the 
union  of  the  bltie,  green,  and  yellow  bands),  and  the  colour 
which  is  seen  upon  the  dark  space  next  the  edge  of  the  flame, 
as  described  by  Dr.  Young.  If  we,  on  the  other  hand,  in- 
cline the  incident  ray  in  an  opposite  direction,  so  that  it 
forms  with  the  plane  of  the  plate  a  less  angle  than  90°,  the 
red  band  next  the  blue  will  now  become  brighter ;  and  at  the 
boundary  of  light  and  darkness,  when  all  the  other  bands  have 
disappeared^  the  red  band  will  afford  the  complementary 
colour  to  the  green. 

As  the  edge  of  the  plate  of  nacrite  is  rough  and  unpolished, 
and  accurately  perpendicular  to  the  parallel  faces,  there  are 
no  reflected  nor  renracted  pencils,  whose  combinations  with 
one  another,  or  with  the  direct  rays,  can  be  employed  to 
account  for  the  complementary  colours.  The  phenomena  of 
mixed  plates,  indeed,  are  cases  of  diffiraction  when  the  light  is 
obstructed  by  the  edge  of  very  thin  transparent  plates  pmced 
in  a  medium  of  different  refractive  power.  If  the  plate  were 
opake  the  fringes  would  be  exactly  those  which  have  been  so 
often  described,  and  explained  by  the  principle  of  interference. 
But  owing  to  the  transparency  of  the  plate,  fringes  are  pro- 
duced within  its  shadow ;  and  owing  to  the  thinness  ct  the 
plate,  the  light  transmitted  through  it  and  retarded,  interferes 
with  the  partial  waves  which  pass  through  the  plate  and  with 
those  which  pass  beyond  the  diffracting  edge  with  undi- 

*  Owing  to  the  small  quantity  of  blue  rays  in  candle-light  the 
blue  almost  disappears  in  it. 

Digitized  by  CjOOQ IC 


Sir  D.  Brewster,  on  the  colours  of  mixed  plates.     255 

minished  velocity,  and  modifies  the  usual  system  of  fringes 
in  the  manner  which  we  have  described. 

As  the  plate  of  nacrite  diminishes  in  thickness,  or  as  the 
fluid  in  which  it  is  immersed  approaches  to  it  in  refractive 
density^  the  central  coloured  bands,  whose  union  constitutes 
the  direct  tint,  will  diminish  in  number,  and  descending 
gradually  in  the  scale  will  finally  disappear  when  the  retarda- 
tion produced  by  the  plate  does  not  perceptibly  alter  the 
phase  of  the  ray.  W  hen  the  plate,  on  the  other  hand,  in- 
creases in  thickness,  or  the  fluid  diminishes  in  refractive 
power,  the  central  bands  will  become  closer  and  more  nume- 
rous, and  will  finally  resemble  the  fringes  within  the  shadow 
of  the  ordinary  system. 

When  the  plate  of  nacrite  is  thicker  at  one  place  than 
another  by  the  partial  removal  of  a  parallel  film,  the  edge 
where  the  increase  of  thickness  takes  place  produces  exactly 
the  same  phenomena  as  the  edge  of  the  film  that  is  removed, 
or  of  the  fihn  that  is  elevated  above  the  general  surface^  and 
hence  we  are  led  to  look  for  the  phenomena  of  mixed  plates 
in  minerals,  such  as  sulphate  of  lime  and  micay  where  a  plate 
of  two  different  thicknesses  can  be  easily  obtained.  I  have, 
accordingly  discovered  the  phenomena  of  mixed  plates  dis- 
tinctly exhibited  in  sulphate  of  lime  and  mica. 

A  more  splendid  exhibition  of  these  colours  is  seen  when  a 
stratum  of  cavities  of  extreme  thinness  occurs  in  sulphate  of 
lime.  I  have  observed  such  strata  repeatedly  in  the  gypsum 
from  Mont-martre ;  but  they  are  most  beautiful  when  the 
stratum  has  a  circular  form.  In  this  case  the  cavities  are 
exceedingly  thin  at  the  circumference  of  the  circle,  and 
gradually  mcrease  in  depth  towards  the  centre,  so  that  we 
have  a  series  of  edges  increasing  in  thickness  towards  a  centre ; 
the  very  reverse  of  a  mixed  plate,  such  as  a  film  of  albumen 
pressed  between  two  convex  surfaces.  The  system  of  rings  is 
therefore  also  reversed,  the  highest  order  of  colours  being  in 
the  centre,  while  the  lowest  are  at  the  circumference  of  the 
circidar  stratum.  In  many  strata  of  cavities,  such  as  the  one 
which  I  have  engraven  in  my  paper  on  the  new  fluids  in  mi- 
nerals,* the  cavities  are  too  deep  to  give  the  colours  of  mixed 
plates. 

Another  example  of  the  colours  of  mixed  plates  in  natural 
bodies  occurs  in  specimens  of  mica,  through  which  titanium 
is  disseminated  in  beautiful  flat  dendritic  crystals  of  various 
degrees  of  opacity  and  transparency.  In  these  specimens  the 
titanium  is  often  disseminated  in  grains,  forming  an  irregular 

♦  Edinburgh  Transactions,  vol.  x.  Plate  II.  fig.  33. 

Digitized  by  VjOOQ IC 


256  Mr.  Halse^  on  sparks  obtained /ram  a  secondary  coil. 

surface.  The  edges  of  these  erains,  by  retarding  the  light 
which  they  transmit,  produce  the  direct  and  complementary 
colours  of  mixed  plates  in  the  most  perfect  manner,  the  tints 
passing  through  two  orders  of  colours,  as  the  grains  of  titanium 
increase  in  size  towards  the  interior  of  the  irregular  patch. 
I  have  observed  another  example  of  these  colours  in  the  deep 
cavities  of  topaz,  from  which  the  fluids  have  either  escaped, 
leaving  one  or  both  of  the  surfaces  covered  with  minute  par- 
ticles of  transparent  matter,  or  in  which  the  fluids  have  suffered 
induration. 

Allerly  by  Melrose, 
October  18M,  1837. 


XXXV.  Sparks  obtained /rom  the  secondary  coil  after  the 
current  being  made  to  pass  through  water.  In  a  tetter  to 
the  Editor.     By  W.  H.  Ualse,  Esq. 

Sir, 

There  is  a  fact  connected  with  voltaic  electricity  which  I 
believe  has  never  as  yet  been  published,  and  as  it  proves  the 
intensity  of  the  secondary  current  in  a  remarkable  manner 
perhaps  you  may  think  this  letter  worthy  a  place  in  your  next 
number  of  "the  Annals." 

It  is  well  known  that  if  we  separate  the  two  extremities  of 
the  secondary  coil  at  the  same  moment  that  one  of  the  primary 
wires  of  a  shock  apparatus  is  disconnected  with  the  battery, 
that  a  spark  will  be  visible  on  the  secondary  wire  as  well  as 
on  the  primary  wire,  but  in  this  case  metallic  contact  of  the 
secondary  wires  has  hitherto  been  considered  necessary  to 
produce  the  effect.  During  a  course  of  experiments  in  which 
I  have  lately  been  engaged,  I  imagined  that  the  secondary 
current  was  sufficiently  intense  to  give  a  spark  after  passing 
through  water  containing  a  very  minute  portion  of  common 
salt.  I  accordingly  put  my  revolving  apparatus  to  work  using 
only  one  pair  of  cylinders  both  for  causing  the  revolutions, 
shocks,  and  sparks.  I  then  placed  one  end  of  the  secondary 
wire  in  a  glass  of  water,  and  about  one  inch  from  it  I  placed 
a  file  in  a  perpendicular  position ;  the  other  end  of  the  secon^ 
dary  coil  I  drew  up  and  down  this  file.  The  revolving  appa- 
ratus was  going  at  the  rate  of  900  rounds  per  minute  and  gave 
two  shocks  each  revolution.  Immediately  I  touched  the  file 
with  the  secondary  wire  I  observed  a  sparky  and  by  con- 
tinuing  the  motion  of  the  wire  on  the  file  I  obtained  them  by 
scores.     Those  who  are  not  in  possession  of  a  revolving  appa- 
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ratos  or  a  contact  breaker  may  perform  the  experiment  in  the 
following  manner :  affix  to  one  of  the  plates  of  the  battery  a 
file,  and  to  the  other  plate  affix  one  end  of  the  primary  wire 
coil ;  then  insert  one  end  of  the  secondary  coil  in  a  glass  of 
water  containing  a  very  small  quantity  of  common  salt  or 
sulphuric  acid,  and  place  a  file  in  the  same  glass  about  one 
inch  distant  from  the  immersed  wire.  Now  let  an  assistant 
draw  the  other  end  of  the  primary  wire  across  the  file  attached 
to  the  battery,  whilst  the  operator  draws  the  other  end  of  the 
secondary  wire  across  (he  dry  part  of  the  file  in  the  glass. 
Sparks  will  soon  be  perceived  on  this  latter ^le  and  a  por-- 
tion  of  the  wcUer  will  be  decomposed.  By  keeping  the  file 
and  the  wire  one  inch  or  more  distant  from  each  other  in  the 
water,  it  is  evident  that  the  current  has  to  pass  through  that 
space  of  water  previous  to  obtaining  the  spark,  thereby  proving 

THAT  METALLIC  CONTACT  OF  THE  SECONDARY  WIRES  NOT 

TO  BE  NECESSARY.  I  havc  HO  doubt  that  a  spark  could  be 
taken  after  the  current  passing  through  one*8  body ;  but  this 
experiment  I  do  not  like  to  try,  neither  can  I  get  any  of  my 
friends  to  try  it,  my  shock  apparatus  being  very  powerful. 
The  battery  I  used  was  composed  of  cylinders  immersed  in  a 
two  quart  pot,  sulphate  of  copper  being  in  contact  with  the 
copper,  and  a  solution  of  common  ssdt  in  contact  with  the 
zinc. 

The  size  of  the  spark  is  much  increased  by  increasing  the 
number  of  cylinders  which  perhaps  is  unnecessary  for  me  to 
mention.  With  ten  pairs  I  have  obtained  very  brilliant  sparks. 
When  the  spark  is  to  be  produced  from  one  pair  the  experi- 
ment should  be  performed  in  the  dark.  If  these  few  lines 
should  meet  your  approbation  sufficient  for  their  insertion  you 
shall  again  hear  from  me,  having  several  things  to  communi- 
cate which  I  believe  would  prove  interesting  to  your  readers; 
particularly  a  method  how  to  increase  the  intensity  of  the 
coils,  and  also  a  new  theory  to  explain  why  a  small  pair  of 
plates,  introduced  into  a  circle,  brings  the  action  of  the  whole 
battery  to  that  standard,  De  la  Raves  explanation  of  it  being 
in  my  opinion  unsatis&ctory.  Can  you  recommend  me  a 
recently  published  work  whicn  treats  principally  of  the  physio- 
logical effects  of  electricity* 

I  am.  Sir, 

Yours  respectfully, 

WILLIAiM  H.  HALSE. 
Brenty  near  Ashburton, 

Nov.  21th,  1839. 
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XXXVI.  An  Account  of  some  experiments  made  for  the 
purpose  of  ascertaining  how  far  Voltaic  Electricity  mav 
be  usefully  applied  to  the  purpose  of  working  in  metcu. 
By  Mr.  1  HOMAs  Spencer. 

Prefatory. 

Having  made  known,  about  three  months  ago,  at  a  meet- 
ing of  the  Liverpool  Polytechnic  Society,  that  I  intended  to 
have  brought  the  subject  of  the  following  paper  before  the 
British  Association  at  its  Birmingham  meeting,  I  deem  it  a 
duty  I  owe  myself, — and  perhaps  the  public, — to  state  the 
reasons  why  I  have  not  done  so. 

About  a  month  previous  to  the  meeting,  I  wrote  to  Pro- 
fessor Phillips,  the  general  secretary,  informing  him  of  this, 
and  two  other  papers  I  was  desirous  of  laying  before  the  As- 
sociation at  its  next  meeting,  and  req[uesting  to  know  what 
forms  were  necessary  to  enable  me  to  do  so. 

I  received  a  very  obliging  answer  in  return,  intimating 
that  two  of  my  papers  would  be  read  at  the  Chemical  Section ; 
but  the  one  which  is  the  subject  of  the  following  paper  would 
be  read  at  the  Mechanical  one,  as  it  was  deemed  a  portion  of 
the  process  related  to  that  science;  also,  that  in  the  event  of 
my  non-attendance  they  would  be  read  in  my  absence,  by 
forwarding  them  to  the  secretaries  of  the  diiferent  sections, 
as  he  would  make  notes  to  that  effect. 

Nothing  could  be  more  satisfactory.  I,  however,  went  to 
Birmingham  on  the  Monday  of  the  week  of  meeting,  and 
immediately  paid  my  subscription  for  the  ensuing  year,  which 
entitled  me  to  all  the  privileges  of  a  member, — including  that 
of  reading  papers,  if  so  disposed. 

Having  satisfactorily  completed  my  business  at  the  Chemi- 
cal Section,  I  at  once  proceeded  to  the  Shakspeare  Rooms, 
where  the  Mechanical  one  held  its  meetings,  and  inquired  for 
the  secretarv.  I  was  shown  to  a  Mr.  Carpmall.  After  inti- 
mating my  business  I  inquired  when  I  should  be  called  on, 
that  I  might  be  in  readiness.  I  was  told  that  a  note  had 
already  been  made  of  it,  and  to  hold  mvself  in  readiness  on 
Thursday  morning,  as  my  paper  would  be  called  on  first. 
With  this  I  was  perfectly  satisfied;  but  on  Wednesday,  when 
the  papers  for  the  following  day,  as  is  usual,  were  announced, 
I  coula  not  find  my  name  or  paper  in  the  list.  I  at  once  ad- 
dressed a  note  to  the  secretary,  thinking  he  had  forgotten  our 
previous  arrangement  and  reminding  him  of  it.  I  attended 
next  morning  at  the  appointed  time,  prepared,  if  called  on; 
but  on  entering  the  committee-room,   1  was  informed  by 
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Mr.  Carpmall  that  my  paper  could  not  be  brought  forward^ 
giving  as  a  reason^  that "  I  was  quite  unknown,"  On  asking 
what  this  meant,  I  was  told  that  I  was  a  man  of  no  scientific 
reputation,  and  more  especially  unknown  to  himself  and  the 
acting  president  of  the  section.  Dr.  Lardner;  also,  that  there 
were  so  many  important  papers  to  be  brought  forward  by  men 
of  acknowledgea  reputation,  that  there  was  no  chance  for 
me.* 

When  the  section  had  closed  its  labours  for  the  day,  seeing 
Dr.  Lardner  in  the  room,  I  mentioned  to  him,  as  president 
of  the  section,  the  arrangements  that  had  been  entered  into 
with  me  by  the  secretary  respecting  my  paper.  Before  he 
heard  more  than  a  few  words,  he  told  me  he  had  nothing 
whatever  to  do  with  it,  and  haughtily  turned  away,  adding 
something  about  valuable  time. 

Under  these  circumstances  I  could  not  bring  forward  the 

giper :  but,  had  it  not  been  for  the  unavoidable  absence  of 
rofessor  Piiillips,  I  am  quite  sure  the  engagements  entered 
into  with  me  would  have  been  kept 

In  conclusion  I  may  add,  I  can  find  no  fault  with  arrange- 
ments that  might  be  made  by  any  Society  to  select  such  sub- 
jects as  a  Committee  might  deem  proper  to  be  laid  before  its 
members  and  the  public,  as  otherwise  much  valuable  time  is 
often  likely  to  be  lost, — it  reauiring  no  small  portion  of  scien- 
tific learning  to  be  acquainted  with  all  that  has  been  done  on 
most  subjects,  and  without  this  knowledge  we  are  too  apt  to 
stumble  on  what  may  have  been  years  before  the  public.  But 
in  the  instance  I  have  related,  neitlfer  the  Committee  nor 
Secretary  were  aware  of  the  views  1  had  taken  of  the  subject 
I  was  desirous  of  illustrating,  as  they  never  once  asked  to 
look  over  my  paper.  Had  they  done  so,  it  would  have  been 
at  their  service. 

It  is  two  years  since  I  began  to  experimentalize  on  this 
subject.  I  then  made  mention  of  it  to  a  few  friends,  (some 
of  whom  are  connected  with  the  public  press  in  Liverpool,) 
but  strictly  enjoined  them  not  to  make  it  public  untU  the  ex- 
periments were  matured.  At  the  same  time  I  showed  some 
results  obtained  by  this  process.     About  four  months  ago  a 

*  I  may  state  thatontheday  in  cj^uestion,  a  gentleman  was  allowed 
to  occupy  the  section  by  a  description  of  the  method  he  had  adopted 
to  cure  his  chimney  finom  smoking.  I  mention  this, — ^not because  it 
was  unimportant, — but  because  it  had  not  even  been  announced.  The 
alleged  reason  was  that  the  section  were  on  the  subject  of  smoky 
chinmeys-  However,  I  concluded  he  was  a  man  of  known  scientific 
reputation, — although  I  have  since  forgotten  his  name. 

T2 
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paragraph  appeared  in  the  Athencevm,  stating  that  Professor 
Jacobi,  of  St.  Petersburgh,  had  received  a  grant  of  money 
from  the  Emperor,  to  enable  him  to  make  experiments  on 
engraving  by  galvanism,  as  he  had  been  enabled  to  preserve 
fine  lines  in  relief  by  this  principle.*  I  accordingly  concluded 
that  he  was  engaged  in  experiments  analagous  to  my  own : 
but  having  gone  much  farther  than  merely  producing  lines  in 
relief,  I  at  once  made  it  public,  and  showed  specimens  of  the 
results  I  had  obtained  in  different  experiments. — This  was 
done  at  a  meeting  of  the  Liverpool  Polytechnic  Society ; 
some  of  the  members  of  which  then  spoke  to  their  knowledge 
of  my  having  been  engaged  on  this  subject  for  a  considerable 
period. 

I  am  not  aware  that  Professor  Jacobi  has  made  his  process  in 
any  way  public :  but  if  I  am  to  judge  from  some  specimens  I 
saw  a  few  days  ago  in  Birmingham,  in  the  model  room,  pro- 
duced by  it,  I  should  be  inclined  to  think  that  he  has  made 
small  progress  in  this  subject, — one  of  the  specimens  being  a 
plate  of  copper  precipitated  on  another,  which  he  has  been 
unable  to  get  off;  the  printed  description  stating  that,"through 
some  particular  circumstance  they  adhere  together."  It  will 
be  seen,  in  the  course  of  the  following  experiments,  that  I  early 
arrived  at  this  point  which  has  also  been  easily  and  completely 
surmounted,  t 

I  entertain  no  very  sanguine  notions  as  to  the  future  gene- 
ral application  of  this  method  of  operating  upon  the  metals 
more  especially  copper.  This  must  be  entirely  left  to  the 
practical  engraver  and  printer. 

*  See  a  notice  of  Jacobi's  experiments  at  p.  507 y  voL  3,  of  these 
Annals.    Edit. 

+  I  cannot  help  finding  some  fault  with  the  mode  adopted  by  the 
professor  Tor,  it  may  be,  injudicious  friends),  of  announcing  his  dis- 
coveries. About  twelve  months  ago,  I  imagined  that  I  liad  dis- 
covered a  method  of  obviating,  by  simple  means,  the  great  difficulty 
in  the  construction  of  electro-magnetic  Sagines ;  but,  on-seeing  sev€»- 
ral  paragraphs  from  time  to  time  in  the  newspapers,  professmg  to 
be  copied  from  letters  received  from  St  Petersburgh,  statinjg  that 
Dr.  Jacobi  had  iucceeded  in  constructing  engines  of  considerable 
power,  on  this  principle,  I  at  once  gave  up  my  researches  on  the 
subject,  thinking  the  thinfi^  already  done.  It  is  only  a  few  weeks 
since  a  statement  appeared  (in  a  Liverpool  paper,— on  the  authority 
of  a  letter  receivea  oy  Professor  Wheatstone  from  Dl^  Jacobi,)  that 
he  had  an  electro-magnetic  machine,  of  forty-horse  power,  at  work 
on  the  Neva;  but,  since,  it  appears  another  letter  states  he  had 
hoped  only  to  have  such  an  engme  by  this  period,  and  still  hopes 
by  next  year  to  accomplish  his  object — but  has  not  as  yet  succeeded 
with  one  of  three-horse  power. 
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The  qaestion  with  them  will  be, — Is  it  cheaper  and  better 
than  the  methods  in  common  use  ?  It  may  now  be  answered 
— Give  it  a  fair  trial :  the  way  is  pointed  out—practice  will 
no  doubt  enable  you  to  improve  upon  the  methods  which  sug- 
gested themselves  during  the  experimental  investigation  de- 
tailed in  the  following  pages,  and  most  probably  may  realise 
an  extended  field  of  practical  utility  for  the  peculiar  mode 
of  operation  which  has  been  the  result 

I  feel  assured,  however,  that,  in  the  arcana  of  many  trades 
ami  branches  of  art,  this  process  will  be  found  an  important 
addition — supplying  as  it  does  a  means  of  producing  a  cast, 
or  a  die,  in  hard  metal,  without  the  agency  of  heat  or  pres- 
sure, and  in  extreme  perfection  and  well-defined  sharpness. 
Nor,  (I  need  hardly  observe)  is  its  application  confined  to 
copper  only. 

In  addition  to  the  applicability  of  this  process,  in  procuring 
exact  fac  similes  of  coins,  or  medals,  with  all  the  lineal 
sharpness  of  the  original,  perfect  copies  may  be  obtianed  of 
bronzed  figures ;  nor  do  they  require  chasing  when  taken  out 
— ^nor  do  I  apprehend  inconvenient  limitation  as  regards  their 
size. 

Assuming  it  to  be  advantageous  to  publishers  of  music  to 
have  their  plates  in  relief,  by  this  process  they  will  be 
enabled,  in  the  original  engraving,  to  have  them  so. 

I  have  seen  nothing  in  wood  engraving  that  might  not  be 
produced  in  copper,  in  relief,  by  this  means ;  the  chemical 
plates  might,  possibly,  require  retouching  to  a  small  extent, 
but,  with  carefiil  manipulation,  twenty  or  thirty  such  plates 
might  be  taken  irom  one  mould. 

I  may  mention  that  the  advantage  of  being  able  to  produce 
a  given  efiect  firom  a  plate  in  relief  would  be  very  considerable, 
as  ten  printed  impressions  may  frequently  be  taken,  in  the 
time  occupied  in  producing  one  by  the  ordinary  method 
from  a  copper-plate.  Plates  in  relief  might  also  frequently 
be  printed  off  in  the  body  of  the  work — which,  in  point 
of  economy,  would  be  a  very  considerable  advantage. 

In  the  formation  of  that  important  implement  in  the 
manufacture  of  printing  types — the  matrix  or  mould, — 
advantages  in  the  adoption  of  this  operation  appear  to  present 
themselves.  And  I  am  assured  by  the  printers  of  this 
pamphlet,  that  it  gives  fair  promise  to  supply  several  impor- 
tant desiderata  in  the  art  of  printing,  and  in  its  attendai\t 
operations, — more  particularly  in  the  stereotype  process. 

In  general, — I  feel  convinced  that  it  exhibits  many  pro-, 
mising  indications  of  utility,  should  no  obstacles  in  a  pecuni-^ 
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ary  point  of  view  present  themselves,  on  occasion  of  attempts 
to  extend  the  application  of  the  discovery. 

In  the  following  paper  I  have  detailed  a  few  of  the  most 
illustrative  experiments  made  during  the  investigation,  trust- 
ing that  they  might  be  found  interesting,  not  only  to  the  gene- 
ral reader,  as  illustrating  the  progress  of  discovery,  but  to  the 
future  experimentalist,  in  pointing  out  to  him  the  methods 
that  have  best  succeeded,  as  well  as  those  he  ought  to  avoid. 
In  all  cases  I  deem  details  of  chemical  experiments  essentially 
necessarv ;  as  one  apparent  trifle  omitted,  is  more  than  likely 
to  retard,  the  labours  of  the  future  practitioner. 

Having  made  many  experiments  on  a  larger  scale  than 
those  detailed,  since  writing  the  following  paper,  I  shall,  at 
its  conclusion,  detail  the  methods  to  be  adopted  under 
different  circumstances. 

First : — To  en^ave  in  relief  on  a  plate  of  copper. 

Second: — To  deposit  a  voltaic  copper-plate,  having  the 
lines  in  relief. 

Third: — lo  obtain  a  facsimile  of  a  medal  (reverse  or 
obverse  J,  or  of  a  bronze  cast. 

Fourth : — To  obtain  a  voltaic  impression  from  plaster  or 
clay. 

Lastly : — A  method  of  multiplying  the  number  of  already 
engraved  copper-plates.  This  last  promises  to  be  of  vast 
import, — more  especially  in  the  Potteries,  as  there  they 
require,  in  many  instances,  eight  or  ten  copper-plates  of  a 
similar  pattern.  By  the  method  I  shall  point  out,  I  can  see 
no  reason  why  they  should  not  be  able  to  multiply  them  ad 
infinitum. 

I  shall  also  eive  some  rules  for  the  management  of  the 
apparatus,  which  my  experience  of  the  process  has  suggested. 

When  I  have  done  tms,  I  shall  then  have  laid  berore  the 
public  the  result  of  many  an  anxious— and,   I  may  add, 

f>leasant — hour:  each  experiment  requiring  a  considerable 
apse  of  time  for  its  development ;  but  when  attended  with 
success —no  words  of  mine  can  convey  the  pleasurable  feel- 
ings coupled  with  such  a  result. 

1  have  been  led  on,  by  the  fond  hope  that  the  present 
simple  discovery  may  be  the  foundation  of  a  vast  structure 
of  Synthetic  Chemistry,  which  is  perhaps  destined,  (at  no 
distant  date),  to  imitate,  for  the  uses  of  humanity,  all  the 
most  wonderful,  but  apparently  complicated,  elaborations  of 
Nature. 
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PAPER. 


Notice  given  May  the  8th — read  September  the  I2th,  1839. 
Henry  Booth,  Esq.  President,  in  the  Chair. 

In  the  paper  I  have  now  the  honour  to  lay  before  the  Society, 
I  do  not  profess  (o  have  brought  forward  a  perfect  invention. 
My  only  object  is  to  point  out  a  means  by  which,  I  hope, 
practical  men  may  ultimately  be  enabled  to  apply  a  great  and 
universal  principle  of  nature  to  the  useful  and  ornamental 
purposes  of  life.  In  this  I  'may  be  considered  sanguine^ — an 
error,  1  am  aware,  too  often  fallen  into  by  those,  who,  like 
m}self,  imagine  they  have  discovered  an  useful  application  of 
an  important  principle ;  but  however  this  may  fall  out,  I  now 
proceed  to  lay  an  account  of  its  results,  successful  and  unsuc- 
cessful, before  the  members  and  the  public, — ^previously 
stating,  however,  that  all  my  first  experiments  were  made  on 
a  small  scale ;  a  method  of  procedure  attended  with  many  ad- 
vantages to  the  experimentalist  himself,  but  having  its  dis- 
advantage when  laid  before  the  public.  In  this  first  respect, 
the  chemical  experimenter  has  a  decided  advantage  over  the 
mechanical  one ;  the  success  of  his  experiment,  when  tried 
on  a  small  scale,  doubly  guarantees  its  success,  if  conducted 
on  a  still  larger — with  mechanical  results  I  believe  in  most 
instances  it  is  the  reverse.  But,  when  the  chemist  produces 
his  microscopic  proofs,  the  public  are  generally  slow  to  believe 
that  such  minute  appearances  should  warrant  him  in  coming 
to  any  general  conclusion. 

In  September,  1837, 1  was  induced  to  try  some  experiments 
in  EUectro-chemistry,  with  a  single  pair  of  plates,  consisting 
of  a  small  piece  of  zinc  and  an  equal  sizea  piece  of  copper, 
connected  together  with  a  wire  of  the  latter  metal.  It  was 
intended  that  the  action  should  be  slow  ;  the  fluids  in  which 
the  metallic  electrodes  were  immersed  were  in  consequence 
separated  by  a  thick  disc  of  plaster  of  paris.  In  one  of  the 
cells  was  sulphate  of  copper  in  solution,  in  the  other  a  weak 
solution  of  common  salt.  I  need  scarcely  add  that  the  copper 
electrode  was  placed  in  the  cupreous  solution.  I  mention  this 
experiment,  briefly , — not  because  it  is  directly  connected  with 
what  I  shall  have  to  lay  before  the  Society,  but  because,  by  a 

r>rtion  of  its  results,  I  was  induced  to  come  to  the  conclusions 
have  done  in  the  following  paper.*     I  was  desirous  that  no 

*  The  experiment  here  alluded  to  was  to  determine  a  most  im- 
portant point — and  as  it  has  an  intimate  connexion  with  the  future 
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action  should  take  place  on  the  wire  by  which  the  electrodes 
were  held  together.  To  obtain  this  object  I  varnished  it  with 
sealing-wax  varnish :  —but,  in  so  doing,  I  dropped  a  portion 
of  it  on  the  copper  that  was  attached.  I  thought  nothing  of 
this  circumstance  at  the  moment,  but  put  the  experiment  in 
action. 

The  operation  was  conducted  in  a  glass  vessel ;  I  had  con- 
sequently an  opportunity  of  occasionally  examining  its  pro- 
gress. When,  witer  the  lapse  of  a  few  aavs,  metallic  crystals 
had  covered  the  copper  electrode, — with  the  exception  of  thcU 
portion  which  had  been  spotted  with  the  drops  of  varnish,  I 
at  once  saw  that  I  had  it  in  my  power  to  guide  the  metallic 
deposition  in  f  ny  shape  or  form  I  chose,  by  a  corresponding 
application  of  varnish,  or  other  non-metallic  substance. 

I  had  been  long  aware  of  what  every^one  who  uses  a  sus- 
taining galvanic  battery  with  sulphate  of  copper  in  solution 
must  know,— that  the  copper  plates  acquire  a  coating  of  cop- 
per from  the  action  of  the  battery;  but  I  had  never  thought 
of  applying  it  to  a  useful  purpose  before.  My  first  essay  was 
with  a  piece  of  thin  copper  plate  having  about  four  inches  of 
superfices,  with  an  equal  sized  piece  of  zinc,  connected  together 
with  a  piece  of  copper  wire.  I  gave  the  copper  a  coating  of 
soft  cement,  consisting  of  bees'  wax,  resin,  and  a  red  earth — 
Indian  or  Calcutta  red.  The  cement  was  compounded  after 
the  manner  recommended  by  Dr.  Faraday  in  his  work  on 
chemical  manipulation;  but  with  a  larger  proportion  of  wax. 
The  plate  received  its  coating  while  hot.  On  cooling,  1 
scratched  the  initials  of  my  own  name  rudely  on  the  plate, 
taking  special  care  that  the  cement  was  quite  removed  fit>m 
the  scratches,  that  the  copper  might  be  thoroughly  exposed. 
This  was  put  in  action,  in  a  cylindrical  glass  vessel  about  half 
filled  with  a  saturated  solution  of  sulphate  of  copper.  I  then 
took  a  common  gas  glass,  similar  to  that  used  to  envelope  an 

application  of  the  results  detailed  in  this  paper,  I  may  be  excused 
in  Driefiy  alluding  to  it  here.  In  fact  no  experiment  can  be  made 
with  any  certainty,  without  keeping  its  results  in  view. 

In  September,  1837,  at  the  Liverpool  meeting  of  the  British 
Association,  a  clever  young  demonstrator  (Dr.  Bird,  of  London) 
asserted  that  in  an  experiment  he  had  made,  he  had  obtaiued  crys- 
tals of  pure  copper  wUhout  the  intervention  of  a  metallic  nucleus  to 
commence  with.  I  doubted  this  at  the  time,  as  it  was  opposed  to 
all  former  experience.  However.  I  made  several  very  carefiil  ex- 
periments, following  Dr.  Bird's  plan  in  all  he  stated ;  then  varied 
them  in  order  to  give  it  every  chance  of  success.  The  result  was 
that  no  metallic  crystaUizatum  will  take  place^  unless  a  metallic  or 
metalliferous  nucleus  be  present. 
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Argand  Lamer,  and  filled  one  end  of  it  with  plaster  of  paris, 
to  the  depth  of  three-quarters  of  an  inch.  In  this  I  put  some 
water,  adding  a  few  crystals  of  sulphate  of  soda  to  excite 
action,  the  plaster  of  paris  serving  as  a  partition  to  separate 
the  fluids^  but  sufficiently  porous  to  allow  the  electro-chemical 
fluid  to  permeate  its  substance. 

I  now  bent  the  wires  in  such  a  form  that  the  zinc  end  of 
the  arrangement  should  be  in  the  saline  solution^  while  the 
copper  end  should  be  in  the  cupreous  one.  The  gas  glass, 
with  the  wire^  was  then  placed  in  the  vessel  containing  the 
sulphate  of  copper. 

It  was  then  suffered  to  remain,  and  in  a  few  hours  I  per- 
ceived that  action  had  commenced,  and  that  the  portion  of 
the  copper  rendered  bare  by  the  scratches  was  coated  with  the 
pore  bright  deposited  metal,  whilst  all  the  surrounding  portions 
were  not  at  all  acted  on.  I  now  saw  my  former  observations 
realised  ;^-but  whether  the  deposition  so  formed  would  retain 
its  hold  on  the  plate,  and  whether  it  would  be  of  sufficient 
solidity  or  strength  to  bear  working  if  applied  to  a  useful  pur- 
pose, became  questions  which  I  now  endeavoured  to  solve  by 
experiment. 

It  also  became  a  question  whether — should  I  be  successful 
in  these  two  points — I  should  be  able  to  produce  lines  suffici- 
ently in  relief  to  print  from.  This  latter  appeared  to  depend 
entirely  on  the  nature  of  the  cement  or  etching-ground  I 
might  use. 

This  last  I  endeavoured  to  solve  at  once.  And  (I  may 
state)  this  appeared  to  be  the  principal  difficulty ;  as  my  own 
impression  then  was^  that  little  less  than  one-eighth  of  an 
inch  of  relief  would  be  requisite. 

I  then  took  a  piece  of  copper,  and  gave  it  a  coating  of  a 
modification  of  the  cement  I  have  already  mentioned,  to  about 
one-eighth  of  an  inch  in  thickness ;  and,  with  a  steel  point, 
endeavoured  to  draw  lines  in  the  form  of  net- work,  that  snould 
entirely  penetrate  the  cement,  and  leave  the  surface  of  the 
copper  exposed.  But  in  this  I  experienced  much  difficulty, 
firom  the  tnickness  I  deemed  it  necessary  to  use ;  more  espe- 
cially, when  I  came  to  draw  the  cross  lines  of  the  net-work. 
When  the  cement  was  soft,  the  lines  were  pushed  as  it  were 
into  each  other ;  and  when  it  was  made  of  harder  texture,  the 
intervening  squares  of  the  net- work  chipped  off  the  surfoce  of 
the  metallic  plate.  However,  those  that  remained  perfect  I 
put  in  action  as  before. 

In  the  progress  of  this  experiment,  I  discovered  that  the 
solidity  of  the  metallic  deposition  depended  entirely  on  the 
weakness  or  intensity  of  the  electro-chemical  action,  which  I 
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found  I  had  in  my  power  to  regulate  at  pleasure,  by  the  thick- 
ness of  the  intervening  wall  of  plaster  of  paris,  and  by  the 
coarseness  and  fineness  of  the  material.  I  made  three  similar 
experiments,  altering  the  texture  and  thickness  of  the  plaster 
each  time,  by  which  I  ascertained  that  if  the  plaster  partitions 
were  thin  and  coarse,  the  metallic  deposition  proceeded  with 
great  rapidity,  but  the  crystals  were  friable  and  easily  sepa- 
rated ;  on  the  other  hand,  if  I  made  the  partition  thicker,  and 
of  a  little  finer  material,  the  action  was  much  slower,  and  the 
metallic  deposition  was  as  solid  and  ductile  as  copper  formed 
by  the  usual  methods, — indeed,  when  the  action  was  exceed- 
ingly slow,  1  have  had  a  metallic  deposition  apparently  much 
harder  than  common  sheet  copper,  but  more  brittle. 

There  was  one  most  important,  (and,  to  me,  discouraging) 
circumstance,  attending  these  experiments,  which  was,  that 
when  I  heated  the  plates,  to  get  off  the  covering  of  cement, 
the  meshes  of  copper  net-work  invariably  came  off  with  it. 
I  at  one  time  imagined  this  difficulty  insuperable,  as  it  ap- 
peared to  me  that  I  had  cleared  the  cement  entirely  from  the 
surface  of  the  copper  I  meant  to  have  exposed, — ^but  that 
there  was  a  difierence  in  the  molecular  arrangement  of  copper 
prepared  by  heat,  and  that  prepared  by  voltaic  action,  which 

Srevented  their  chemical  combination.  However,  I  then 
etermined,  should  this  prove  so,  to  turn  it  to  account  in 
another  manner,  which  I  shall  relate  in  the  second  portion  of 
this  paper. 

I  then  occupied  myself  for  a  considerable  period  in  making 
exneriments  on  this  latter  section  of  the  subject. 

in  one  of  them  I  found,  on  examination,  a  portion  of  the 
copper  deposition,  which  I  had  been  forming  on  the  surface  of 
a  coin,  adhered  so  strongly  that  I  was  quite  unable  to  get  it 
off, — ^indeed,  a  chemiccil  combination  had  apparently  taken 
place.     This  was  only  in  one  or  two  spots,  on  the  prominent 

rirts  of  the  coin.  I  immediately  recollected  that  on  the  day 
put  the  experiment  in  action,  I  had  been  using  nitric  acid, 
for  another  purpose,  on  the  table  I  was  operating  on,  and  that 
in  all  probability  the  coin  might  have  been  laid  down  where  a 
few  diofs  of  the  acid  had  accidentally  Jbllen.  I  then  took  a 
piece  of  copper,  coated  it  with  cement,  made  a  few  scratches 
on  its  surface  until  the  copper  appeared,  and  immersed  it  for 
a  short  time  in  dilute  nitric  acid,  until  I  perceived,  by  an 
elimination  of  nitrous  gas,  that  the  exposed  portions  were 
acted  upon  sufficiently  to  be  slightly  corroded.  1  then  washed 
the  copper  in  water,  and  put  it  in  action  as  before  described. 
In  forty-eight  hours  I  examined  it,  and  found  the  lines  were 
entirely  filled  with  copper.     I  appli^  heat,  and  then  spirits 
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of  turpentine^  to  get  off  the  cement ;  and,  to  my  satisfaction, 
I  found  that  the  voltaic  copper  had  completely  combined 
itself  with  the  sheet  on  which  it  was  deposited. 

I  then  gave  a  plate  a  coating  of  cement,  to  a  considerable 
thickness,  and  sent  it  to  an  engraver ;  but  when  it  was  re- 
turned, I  found  the  lines  were  cleared  out  so  as  to  be  wed^e- 
shaped^  or  somewhat  in  the  form  of  a  V>  leaving  a  hair  Ime 
of  the  copper  exposed  at  the  bottom,  and  a  broad  space  near 
the  surfstce ;  and  where  the  turn  of  the  letters  took  place, 
the  top  edges  of  the  lines  were  ^Ued  and  rendered  rugged 
by  the  action  of  the  graver.  Tms,  of  course,  was  an  impor- 
tant objection  ;  which  I  have  since  been  able  to  remedy,  in 
some  respects,  by  an  alteration  in  the  shape  of  the  graver, 
which  should  be  made  of  a  shape  more  resembling  a  narrow 
parallelogram  than  those  in  common  use, — some  engravers 
have  many  of  their  tools  so  made.  I  did  not  put  this  plate  in 
action,  as  I  saw  that  the  lines,  when  in  rebef,  would  have 
been  broad  at  the  top  and  narrow  at  the  bottom.  I  took 
another  plate,  gave  it  a  coating  of  the  wax,  and  had  it  written 
on  with  a  mere  point  I  deposited  copper  on  the  lines,  and 
afterwards  had  it  printed  from.* 

I  now  considered  part  of  the  difficulties  removed:  the 
principal  one  that  yet  remained  was,  to  find  a  cement  or 
etching-ground,  the  texture  of  which  should  be  capable  of 
being  cut  to  the  required  depth,t  without  raising  (what  is 
technically  termed)  a  burr,  and,  at  the  same  time,  of  sufficient 
toughness  to  adhere  to  the  plate,  when  reduced  to  a  small 
isolated  point,  which  would  necessarily  occur  in  the  operation 
which  wood-engravers  term  cross-hatching. 

I  tried  a  number  of  experiments  with  different  combinations 
of  wax,  resins,  varnishes,  and  earths,  also  with  metallic  oxides^ 
— all  with  more  or  less  success. 

The  one  combination  that  exceeded  all  the  others  in  its  tex- 
ture, having  nearly  every  requisite  (mdeed  I  was  enabled  to 
polish  the  surface  nearly  as  smooth  as  a  plate  of  glass),  was 
principally  composed  <^  virgin  wax,  resm,  and  carbonate  of 
lead — the  white  lead  of  the  shops. 

With  this  compound  I  haa  two  plates,  5  inches  hj  7, 
coated  over,  and  portions  of  maps  cut  on  the  cement,  which  I 

*  This  plate  was  shown,  and  also  specimens  of  printing  from  it 
f  I  have  since  learnt,  from  practical  enfirravers,  that  much  less 
relief  is  necessary,  to  print  from,  than  I  had  deemed  indispensible ; 
and  that  on  becoming  more  familiar  with  the  cutting  of  the  wax- 
cement,  they  would  be  enabled  to  engrave  in  it  with  great  facility 
and  precision. 
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had  intended  should  have  been  printed  off  and  laid  before  the 
British  Association  at  its  meeting.  I  applied  the  same  pro- 
cess, to  these,  as  to  others — dipping  them  in  dilute  nitric 
acid  before  putting  them  in  action :  indeed  I  suffered  them  to 
remain  about  ten  minutes  in  the  solution.  I  then  put  them 
into  the  voltaic  arrangement  The  action  proceeded,  slowly 
and  perfectlv,  for  a  few  days, — when  I  removed  them.  I 
then  applied  heat,  aa  usual,  to  remove  the  cement, — when  all 
came  away  as  in  a  former  instance ;  the  voltaic  copper  peeling 
off  the  plate  with  the  fi^reatest  facility.  I  was  nHich  puzzled  at 
this  unexpected  result,  but,  on  cleaning  the  plate,  I  dis- 
covered a  delicate  tracing  of  leady  exactly  corresponding  to 
the  lines  drawn  on  the  cement  previous  to  the  immertrion 
in  the  dilute  acid.  The  cause  of  this  failure  was  at  once 
obvious;  the  carbonate  of  lead  I  had  used  to  compound 
the  etching-ground  had  been  decomposed  by  the  dilute 
nitric  acid,  and  the  metallic  lead  thus  set  free  had  deposited 
itself  on  the  exposed  portions  of  the  copper-plates,  preventing 
the  voltaic  copper  from  chemically  combining  with  the  sheet 
copper.  I  was  now  obliged  with  regret  to  give  up  this  com- 
pound— although,  under  other  circumstances,  I  have  no  doubt 
it  may  be  rendered  available. — I  adopted  another,  consisting 
of  bees'  wax,  common  whiting,  resin,  a  small  portion  of  gum, 
and  plaster  of  paris.  This  seems  to  answer  the  purpose  tole- 
rably— though  I  have  no  doubt,  by  an  extended  practice,  a 
better  may  still  be  obtained. 

I  now  proceed  to  the  second,  and  I  believe  the  most  satis- 
factory, portion  of  the  subject.  Although  I  have  placed  these 
experiments  last,  they  were  made  simultaneously  with  the 
others  already  described;  but,  to  render  the  subject  more 
intelligible,  I  have  placed  them  thus. 

I  have  already  stated  that  I  was  desirous  of  executing  me- 
tallic ornaments  by  this  means,  in  either  cameo  or  intaglio ; 
but,  being  well  aware  of  the  apparent  natural  law  which  pre- 
vents metollic  deposition  by  voltaic  electricity,  without  the 
presence  of  a  metallic  body,  I  perceived,  in  consequence,  its 
uses,  if  any,  would  be  extremely  limited,  as,  whatever  orna- 
ment it  might  produce,  it  would  only  be  by  adhering  to  the 
condition  of  a  metallic  mould. 

I  accordingly  determined  to  make  my  first  experiment  on  a 
very  prominent  copper  medal.  I  placed  it  in  a  voltaic  circuit 
as  already  described,  and  depositra  a  sui-face  of  copper  on  one 
of  its  sides  to  about  the  thickness  of  a  shilling.  I  then  pro- 
ceeded to  get  the  deposition  off.  In  this  I  experienced  some 
difficulty,  but  ultimately  succeeded.  On  examination  with  a 
magnifying  glass,  I  found  every  line  was  as  perfect  as  the  coin 
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was  from  which  it  was  taken.  I  was  then  induced  to  use  the 
same  piece  again,  and  let  it  remain  a  much  longer  time  in 
action,  that  I  might  have  a  thicker  and  more  substantial 
mouldL  I  accordingly  put  it  again  in  action,  and  let  it  re- 
main until  it  had  acquired  a  much  thicker  coating  of  the  me- 
tallic deposition ;  but  when  I  attempted  to  remove  it  from  the 
medal,  I  found  I  was  unable.  It  had,  apparently,  completely 
adhered  to  it. 

I  had  often  practised,  with  some  degree  of  success,  a  method 
of  preventing  the  oxidation  of  polish^  steel,  by  slightly  heat- 
ing it  untU  it  would  melt  virgin  wax ;  it  was  then  wiped, 
apparently,  completely  oflf,— but  the  pores  of  the  metal  be- 
came impregnated  witn  the  wax. 

I  thought  of  this  method,  and  s^plied  it  to  a  copper  coin. 

I  first  heated  the  piece, — applied  wax — and  then  wiped  it 
so  completely  off,  that  the  sharoness  of  the  coin  was  not  at 
all  intenered  with.  I  proceedea  as  before,  and  deposited  a 
thick  coating  of  copper  on  its  sur£Etce,  after  the  lapse  of  a  few 
days.  When  I  wished  to  take  it  off,  I  applied  the  heat  of  a 
spirit-lamp  to  the  back ;  when  a  sharp  crackling  noise  took 
place,  and  I  had  the  satisfrk^tion  of  perceiving  that  the  coin 
was  completely  loosened.  In  short,  I  had  a  most  complete 
and  perfect  copper  mould  of  a  halfpenny. 

I  have  since  taken  some  impressions  from  the  mould  thus 
taken ;  and,  b^  adopting  the  above  method  with  the  wax,  I 
get  them  out  with  the  greatest  ease. 

I  was  now  of  opinion  that  this  latter  method  might  be 
applied  to  engraving  much  better  than  the  method  described 
in  the  first  portion  of  this  paper.  Keing  aware  that  copper  in 
a  voltaic  circuit  deposited  itself  on  lead  with  as  much  rapidity 
as  on  copper,  I  took  a  silver  coin,  and  put  it  between  two 
pieces  of  clean  sheet  lead,  and  placed  them  under  a  common 
screw  press.  From  the  softness  of  the  lead,  I  had  a  complete 
and  sharp  mould  of  both  sides  of  the  coin.  I  then  took  a 
piece  of  copper  wire, — soldered  the  lead  to  one  end — and  a 
piece  of  zinc  to  the  other,  and  put  them  into  the  same  voltaic 
arrangement  I  have  already  described.  I  did  not^  in  this  in- 
stance, wax  the  mould,  as  I  felt  assured  that  the  deposited 
copper  would  easily  separate  from  the  lead,  by  the  application 
of  heat, — from  the  different  expansibility  of  the  two  metals. 

In  this  result  I  was  not  disappointed.  When  the  heat  of  a 
spirit-lamp  was  applied  for  a  few  seconds  to  the  lead,  the 
copper  impression  fell  easily  off.  So  complete  do  I  think  this 
latter  portion  of  the  subject,  that  I  have  no  hesitation  in 
asserting  that  £Etc-simiIes  of  any  coin  or  medal,  no  matter  of 
what  size,  may  be  readily  taken,  and  as  sharp  as  the  original. 
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To  further  test  the  capabilities  of  this  method^  I  took  a  piece 
of  lead  plate,  and  stamped  some  letters  on  its  sorlGGtce  to  a 
depth  sufficient  to  print  from  when  in  relief.  I  deposited 
copper  on  it,  and  found  it  came  easily  off. 

I  now  come  to  the  conclusion  of  my  experiments  on  this 
subject.  As  I  stated  at  first,  my  object  was  to  deposit  a  me- 
tallic surface  on  a  model  of  clay,  or  other  non-metaUic  body, — 
as,  otherwise,  I  imagined  the  application  of  this  principle 
would  be  extremely  limited.  1  made  many  experiments  to 
achieve  this  result,  which  I  shall  not  detail,  but  content  my- 
self with  describing  that  which  was  ultimately  the  most 
successful. 

I  took  two  models  of  an  ornament,  one  made  of  clay,  and 
the  other  of  plaster  of  paris ;  soaked  them  for  some  time  in 
linseed  oil ;  took  them  out,  and  sufiered  them  to  dry — first 
getting  the  oil  clean  off  the  surface.  When  dry,  I  gave  them 
a  thin  coat  of  mastic  varnish.  When  the  varnish  was  as 
nearly  dry  as  possible — but  not  thoroughly  so,  I  sprinkled 
some  bronze  powder  on  that  portion  1  wished  to  make  a  mould 
of.  This  powder  is  principally  composed  of  mercury  and  sul- 
phur. I  had,  however,  a  complete  metallic  coating  on  the 
surface  of  my  model,  by  which  I  was  enabled  to  deposit  a 
surfietce  of  copper  on  it,  by  the  voltaic  method  I  have  already 
described.  I  have  also  gilt  the  surface  of  a  clay  model  with 
gold  leaf,  and  have  been  successful  in  depositing  the  copper 
on  its  surface.  There  is  likewise  another,  and  (as  I  trust  it 
will  prove)  a  simpler  method  of  attaining  this  object,  but  as  I 
have  not  yet  sufficiently  tested  it  by  experiment,  I  shall  take 
another  opportunity  of  detailing  the  method. 

[At  the  close  of  the  paper,  several  specimens  of  coins  and 
medals — some  of  them  in  the  act  of  formation  by  the  vol- 
taic process — were  exhibited  to  the  members.] 


ADDENDA.^ 


TO  ENGRAVE  IN  RELIEF  ON  A  PLATE  OF  COPPER. 

Take  a  plate  of  copper,  such  as  are  in  use  among  engravers. 
It  is  not  essential  that  it  should  be  highly  polished. 

Have  a  piece  of  copper  wire  ueatTv  soldered  to  the  back 
part  of  it,  and  then  give  it  a  coating  of  either  of  the  cements 

*  Note—By  tliis  process,  iron  castings  that  are  required  to  be 
preserved  fironi  the  weather  may  have  a  coating  of  copper  given  to 
them,  of  any  requisite  thickness. 
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already  mentioned.  This  is  best  done  by  heating  the  plate 
as  well  as  the  wax ;  or,  to  level  the  wax  after  it  has  had  a  coat, 
hold  the  back  part  of  the  plate  over  a  charcoal  fire^  or  spirit- 
lamp, — taking  care  to  hold  it  level. 

llien  write,  or  draw  the  design,  on  the  wax,  with  a  black- 
lead  pencil  or  a  point.  The  wax  must  now  be  cut  through 
with  a  ^ver,  or  a  steel  point, — taking  special  care  that  the 
cc^yper  is  exposed  on  every  line. 

It  must  now  be  immersed  in  dilute  nitric  acid — say,  three 
parts  water  to  one  acid.  It  will  be  at  once  seen  whether  it  is 
strong  enough,  by  the  green  colour  of  the  solution,  and  the 
bubbles  of  nitrous  ^as  eliminated.  Let  it  remain  long  enough 
to  allow  the  exposed  lines  on  the  plate  to  be  slightly  corroded ; 
that  the  wax  (which  gets  into  the  pores  of  the  copper  during 
the  heating  process),  may  be  thoroughly  got  rid  of.  Practice 
will  determine  tlus,  better  than  any  rules. 

The  plate  is  now  ready  to  be  placed  in  the  voltaic  appara- 
tus (see  Engraving,  p.  3.)  After  the  voltaic  copper  has  been 
deposited  in  the  lines  engraved  in  the  wax,  the  surface  of  the 
formation  will  be  found  to  be  rough,  more  or  less,  according  to 
the  quickness  of  the  action.  To  remedy  this,  rub  the  sur&ce 
with  a  piece  of  smooth  flag  or  pumice-stone,  with  water.  Then 
heat  the  plate,  and  wash  off  the  wax  groundwork  with  spirits 
of  turpentine  and  a  brush.  The  plate  is  now  ready  to  be 
printed  &om  at  an  ordinary  press. 


TO  DEPOSIT  A  SOLID  VOLTAIC  PLATE,    HAVING  THE  LINES 
IN  RELIEF. 

Take  a  plate  of  copper,  lead,  silver,  or  type-metal,  of  the 
required  size,  and  engrave  in  it,  to  the  depth  requisite  to  print 
from,  when  in  relief. 

Contrary  to  ordinary  engraving,  the  lines  must  be  flat  at 
the  bottom,  and  as  nearly  as  possible  of  the  same  depth. 
When  so  engraved  (should  the  plate  be  copper  or  silver),  heat 
it,  and  then  apply  a  little  bees  wax  (what  is  termed  virgin 
wax  is  preferable)  mixed  with  a  very  small  proportion  of 
spirits  ot  turpentine ;  and  give  the  plate  a  coating  of  it.  It 
may  be  laid  on  in  a  lump ;  and  the  heat  of  the  plate  should  be 
sufficient  to  melt  it.  When  on  the  eve  of  cooling,  the  plate 
should  be  wiped  clean,  and  all  the  wax  taken  off, — as  suffi- 
cient will  have  entered  the  pores  of  the  plate,  to  prevent  the 
voltaic  copper  from  adhering. 

Then  solder  a  piece  of  copper  wire. 
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The  plate  must  now  receive  a  couple  of  coats  of  >thick  var- 
nish on  the  back  and  edges  (a  preparation  of  shell-lac  and 
alcohol  does  very  well).  I  prefer,  if  the  plate  is  large,  to  im- 
bed it  with  plaster  of  paris  or  roman  cement,  in  a  box  the  size 
of  the  plate,  allowing  the  wooden  edge  of  the  box  to  project 
just  as  much  above  the  surface  of  the  plate,  as  you  wish  the 
thickness  of  the  voltaic  one  to  be.  (Care  must  be  taken,  to 
keep  the  engraved  surface  of  the  plate  clean). 

It  is  now  ready  to  be  placed  in  the  apparatus  to  be 
deposited  on. 

Should  the  plate  be  lead, — or,  what  is  still  better,  type- 
metal,— the  preparation  of  wax  does  not  require  to  be  given 
to  the  plate,  as,  when  it  is  deposited  on  to  the  given  thickness, 
applying  heat  is  sufficient  to  loosen  the  plates. 


TO  PROCURE  FAC-SIMILES  OF  MEDALS,  &C. 

This  may  be  done  by  two  diffisrent  methods  ;  the  one,  by 
depositing  a  mould  of  the  voltaic  metal  on  the  t&ce  of  the 
medal,  (having  first  heated  it,  and  applied  wax),  and  then 
depositing  the  metal  (by  a  subsequent  operation)  in  the  mould 
so  formed. 

But  the  more  ready  way  is,  to  take  two  pieces  of  milled 
sheet  lead,  (cast-lead  not  being  equally  soft),  having  surfitces 
perfectly  clean  and  free  from  indentation.  Put  the  medal 
between  the  two  pieces  of  lead,  subjecting  the  whole  to  pres- 
sure in  a  screw-press.f  A  complete  mould  of  both  sides  is  thus 
formed  in  the  lead,  showing  the  most  delicate  lines  perfect 
(in  reverse).  Twenty  —  or  even  a  hundred— of  these  may  be 
so  formed  on  one  sheet  of  lead,  and  are  deposited  by  the  vol- 
taic process  with  equal  or  greater  fecility ;  as^  the  more  ex- 
tensive the  apparatus,  the  more  regularly  and  expeditiously 
does  the  operation  proceed. — Those  portions  of  the  surface  of 
the  lead,  where  the  moulds  do  not  occur,  may  be  varnished, 

*  It  may  be  necessary  to  note,  that  the  voltaic  mould  will  also 
require  the  application  of  the  wax. 

t  A  common  copying-machine  will  serve  the  purpose,  for  a 
small  medal,  not  having  much  relief. 

Should  the  medal  be  larire,  and  in  bold  relief,  it  would  be  better 
to  have  a  small  portion  of  the  lead  cut  out,  or  turned  in  a  lathe,  so 
that  the  medal  might  (to  a  certain  extent)  fit  into  the  lead  ben>re 
being  pressed  up :  this  will  prevent  injury  of  the  medal,  and  g^ve 
a  rim  to  the  fac-simile. 
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to  neatralixe  the  voltaic  action ;  or^  (a  whole  sheet  of  copper 
being  deposited)^  the  voltaic  medals  may  afterwards  be  cut 
out. 

A  piece  of  wire  must  now  be  soldered  neatly  to  the  back 
of  the  leaden  plate ;  it  is  then  ready  to  be  put  in  action. 

[This  applies  to  the  formation  of  one  side  of  a  medal  only.  It 
reauires  extremely  careful  manipulation  to  form  both  sides ;  and  as 
I  think  there  may  be  a  better  method  than  the  one  I  have  hitherto 
adopted,  I  defer  statrng  it  until  I  have  obtained  the  result  of  an 
experiment  now  in  operation.] 


A   VOLTAIC   IMPRESSION   FROM   A    PLASTER  OR   CLAY   MODEL. 

This  process  is  partially  described  in  a  preceding  page  ;*  in 
addition  tx>  which  I  may  state^  that  when  the  plaster  or  clay 
ornament  is  gilt  with  gold  leaf,  or  bnmzed,  a  copper  wire 
riiould  be  attached  to  it,  by  running  through  from  the  back, 
until  the  point  a{^>ears  above  the  front  surface,— or  level  with 
it  will  be  sufficient.  The  other  end  must  then  be  attached 
to  the  binding  screw  connecting  it  with  the  zinc,  in  all  respects 
similar  to  any  of  the  foregoing  methods. 


TO   OBTAIN   ANY   NUMBER   OF   COPIES   FROM   AN  ALREADY 
ENGRAVED  COPPER-PLATE. 

A  copper-plate  may  be  taken,  engraved  in  the  common 
manner — the  lines  being  in  intaglio.  Procure  an  equal- 
sized  piece  of  sheet-lead ;  lay  it  on  the  engraved  side  of  the 
piate,  and  put  both  under  a  very  powerful  priess;  when  taken 
out,  the  lead  will  have  every  line,  in  relief,  that  had  been 
sunk  in  the  copper. 

A  wood  engraving  may  be  operated  on  in  like  manner ; 
— as  lead,  being  pressed  into  it,  will  not  injure  it. 

A  wire  may  now  be  soldered  to  the  lead,  then  bed  it  in  a 
box ;  and  put  it  into  the  voltaic  apparatus, — when  a  copper- 
plate, being  an  exact  fac-simile  of  the  original,  will  be  formed. 
In  this  process,  care  must  be  taken  that  the  lead  is  clean 
and  bright,  as  it  comes  from  the  roller  in  the  milling-process, 
and  consequently  free  from  any  oxidation,  which  it  soon  ac- 
quires, if  exposed  to  the  atmosphere.  It  should  be  put  in 
a<:tion  as  soon  as  possible  after  being  taken  out  of  the  press. 

♦  See  page  263. 
Vol.  IV.— No.  22,  January,  1840.  U 
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REMARKS 

ON    THE   MANAGEMENT   OF   THE   APPARATUS.* 

Next  to  electro-magnetism,  there  is  no  branch  of  science 
that  requires  more  dexterous  manipulation  than  voltaic,  or 
electro-chemistry ;  the  most  trifling  film  of  oxidation  often 
retarding  the  action  of  the  most  powerful  apparatus.  But, 
in  the  present  instance,  slow  action,  and  simplicity  of  arrange- 
ment, being  the  predominating  features,  such  nice  attention 
to  minutiae  is  not  absolutely  necessary, — or  at  least  not  so 
much  so  as  to  deter  those  hitherto  unacquainted  with  the 
subject  from  practising. 

In  all  cases>  to  ensure  metallic  connexion,  binding-screws 
are  preferable  to  cups  of  mercury ;  but,  in  using  them,  the 
copper  wire,  where  the  attachment  is  made,  must  be  brightened 
with  a  piece  of  emery  paper, — also  the  point  of  the  screw, 
where  it  presses  on  the  wire.  In  soldering  the  wires  to  the. 
plates,  let  as  little  resin  be  used  as  possible ;  sal  ammoniac, 
or  dilute  muriatic  acid,  answers  the  purpose  much  better. 

In  these  experiments,  I  have  invariably  found  an  equal 
sized  piece  of  zinc  to  answer  best.  In  the  construction  of 
galvanic  batteries  in  general,  I  am  aware,  this  is  a  moot  point 
with  high  authority ;  but  my  own  practice,  which  has  been  by 
no  means  small,  with  batteries  of  every  construction,  has  lea 
me  to  the  opinion  that,  wherever  slow  and  equable  action  is  re- 
quired, the  positive  and  negative  electrodes  should  be  of  equal 
superficial  area. — Although  amalgamated  zinc  plates  are 
preferable  where  combined  intensity  and  continuity  of  action 
tire  required,  they  must  not  be  used,  under  any  circumstances, 
£>r  the  present  purposes. — It  will,  likewise,  be  found  to  be 
essential  that  the  thickness  of  the  zinc  be  equal  to  that  of  the 
required  deposition. 

Let  the  porous  bottom  of  the  interior  vessel,  containing  the 
zinc,  be  a  little  larger  than  either  of  the  electrodes.  I  have 
hitherto  used,  for  this  purpose,  either  bottomless  glass  cylin- 
ders, or  wooden  boxes,  varnished,  with  plaster  bottoms ;  but 
I  should  recommend  a  well  glazed  eartheaware  vessel,  having 
no  bottom,  but  a  slight  rim  projecting  inwards,  to  secure  the 
plaster.  The  zinc  should  be  occasionally  taken  out  of  the 
arrangement,  dming  continuance  of  the  prqcess^  and  cleansed 
by  washing  it  in  water;  the  saline  solution  may  also  be 
renewed. 

*  These  obseirations  are  intended  for  the  guidance,  in  the  first 
instance,  of  those  who  are  practically  unacquainted  with  voltaic 
arrangements. 
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Crystals  of  sulphate  of  copper  should  be  added^from  time  to 
time^  to  the  cupreous  solution;  but,  should  the  deposition  require 
to  be  thick  and  long-continued,  it  will  be  necessary  to  take 
out  the  cupreous  solution  once  or  twice  during  the  operation, 
and  add  an  entirely  fresh  one, — as  the  sulphuric  acid,  neces* 
sarily  set  free  after  the  de-oxidisement  of  the  copper,  when 
it  predominates  to  any  extent,  prevents  the  required  action 
from  taking  place  on  the  copper ;  instead  of  which,  a  sub  or 
di-oxide  of  copper  is  deposited,  in  the  form  of  a  reddish  brown 
powder — the  solution  being  rendered  colourless.  When  this 
takes  place,  the  plate  should  be  taken  out,  and  well  washed 
in  very  dilute  nitric  acid.  I  have  tried  several  methods  to 
take  up  the  sulphuric  acid  as  it  was  set  free;  pure  clay 
answers  this  purpose  pretty  well,  the  acid  combining  to  a 
certain  extent  with  it,  and  forming  a  sulphate  of  alumina, 
or  alum,  at  the  bottom  of  the  vessel. 

When  the  voltaic  copper  is  bent,  it  breaks  at  a  similar 
angle  to  cast  copper ;  but  when  heated  to  a  red  heat,  and 
slowly  cooled,  it  assumes  somewhat  of  the  j^liability  of  rolled 
sheet  copper,  requiring  to  be  bent  several  times  before  break- 
ing; should  it  now  be  beaten  on  an  anvil,  it  will  resume  its 
brittleness. 

It  may  be  filed,  polished,  and  cut  with  shears,  in  the  usual 
maimer — ^the  surface  acquiring  as  fine  a  polish  as  the  copper 
in  use  among  engravers. 

Should  a  thick  mass  of  metal  be  re<|uisite  for  any  practical 
purpose:  as  it  would  require  a  considerable  lapse  of  time 
before  it  could  be  obtained  by  the  voltaic  process,*  the  back 
of  the  deposited  metal  maybe  thickened,  or  filled  up.  with 
solder,  in  a  manner  already  iH:actised  in  the  arts,  without  the 
sl^htest  injury  to  the  surface  or  texture  of  the  deposited 
metal. 


*  To  deposit  metal  equal  to  one^ei^th  of  an  inch  in  thickness, 
requires  about  eight  or  ten  days^  contmuous  action :  the  superficial 
extent  of  the  deposition  not  being  material^  as  regards  the  duration 
of  the  process. 

U2 
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WOTE. 

We  have  read  Mr.  Spencer's  paper  with  much  pleasure  and 
satisfieiction ;  and  must  certainly  express  our  extreme  surprise 
at  our  author's  extraordinary  reception  at  the  Birmingham 
Meeting  of  the  British  Association,  ybr  the  promotion  of 
Science.  We  have  not  the  pleasure  of  knowing  who  Mr, 
Spencer  is,  nor  what  is  his  position  in  society :  but  no  one^ 
who  reads  the  preceding  paper,  can  hesitate  acknowledging 
that  he  is  a  '^  scientific  man."  As  for  ourselves,  we  have  no 
hesitation  in  stating,  that  Mr.  Spencer's  paper  is,  without 
exception,  the  most  interestmg  one,  on  voltaic  electricity, 
that  has  hitherto  been  presented  to  the  notice  of  the  British 
Association  ybr  the  promotion  of  Science.     Edit. 


ADDITIONAL  INFORMATION  FROM  MR.  SPENCER. 
To  the  Editor  of  the  Liverpool  Mercury. 

Sir, 

In  your  last  number  you  expressed  some  doubts  as  to  the 
correctness  of  the  account  of  my  process,  given  in  the  Athe- 
BSBum,  and  condensed  from  the  account  given  in  Ihe  pamphlet 
published  by.  the  Polytechnic  Society.  I  have  since  looked 
over  it,  and  find  nothing  absolutely  incorrect,  yet  in  the  at- 
tempt to  condense  the  details  of  the  process,  Uiere  is  a  tur*- 
bidness  which  materially  interferes  with  a  proper  understand- 
ing of  the  whole.  I  shall  now  detail  to  you,  as  briefly  as 
possible,  the  method  I  would  adopt  to  copy  a  wood  engraving 
in  copper, — and  as  it  will  applv  to  some  other  processes  con- 
nected with  the  subject,  it  wiU,  I  trust,  not  be  unacceptable 
to  your  readers. 

1  may  premise  tjiat,  but  for  the  plasticity  and  perfectly 
unelastic  property  of  lead,  the  discovery  would  be  of  but 
comparatively  small  value.  Plumbers  who  have  handled  the 
'  substance  for  the  greater  portion  of  their  lives,  are  astonished 
to  find  it  so  susceptible  of  pressure;  on  the  contrary,  wood 
engravers  did  not,  until  now,  imagine  their  blocks  would 
stand  the  pressure  of  d  screw  press  on  a  lead  surface  without 
injury ;  but  such  is  the  fact  in  both  instances.  In  the  manner 
in  which  box  wood  is  used  for  wood  engravings,  being  hori- 
zontal sections,  it  will  sustain  a  pressure  of  SOOOlbs.  without 
injury,  provided  the  pressure  is  perfectly  perpendicular. 

The  wood  engraving  being  given,  take  a  piece  of  sheet 
lead  the  requisite  size;  let  its  superfice  be  abqut  one-eighth 
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of  an  inch  larger  all  round  than  that  of  the  wooden  block. 
The  lead  must  now  be  planed  with  a  common  plane,  just  as  a 
piece  of  soft  wood:  the  tool  termed  by  the  joiner  the  try 
plane  does  best ; — a  clear  bright  surface  is  mus  obtained, 
such  as  I  have  been  unable  to  get  by  any  other  means.  The 
engraved  surface  of  the  wood  must  now  be  laid  on  the  planed 
surface  of  the  lead,  and  both  put  carefully  in  the  press ;  should 
the  engraving  have  more  than  two  inches  of  superfices,  a 
copying  press  is  not  powerful  enough.  Whatever  press  is  used, 
the  subject  to  be  copied  must  be  cautiously  laid  in  the  centre 
of  the  pressure,  as  a  very  slight  lateral  force  will  in  some  de- 
gree injure  the  process.  The  lead  to  be  impressed  upon  must 
rest  on  the  iron  j^late  of  the  press,  as  must  the  back  part  of 
the  wood  engraving;  the  pressure  to  be  applied  regularly,  and 
not,  as  in  some  cases  with  a  jerk.  When  the  pressure  is 
deemed  complete,  they  may  be  taken  out;  and  if,  on  ex- 
amination, the  lead  is  not  found  to  be  completely  up,  the 
wood  engraving  may  be  neatly  relaid  on  the  lead,  and  again 
submitted  to  the  press,  using  the  same  precaution  as  befcnre. 

When  the  lead  is  taken  out  a  wire  should  be  soldered  to  it 
immediatelv,  and  put  into  the  apparatus  without  loss  of  time, 
as  the  less  it  is  subiected  to  the  action  of  the  atmosphere  the 
better ; — care  shomd  also  be  taken  not  to  touch  the  surface 
with  the  fingers.  In  the  pamphlet  I  stated  the  length  of 
time  usually  taken  to  deposit  the  required  thickness  of  metal ; 
— I  have  been  since  able  to  abridge  that  period  three  or  four 
fold,  as  I  keep  the  solutions  at  a  temperature  of  from  120  to 
180  Farenheit.  It  has  been  suggested  to  me,  by  Mr.  Crosse, 
of  Broomfield,  to  keep  the  solutions  boiling,  which  still  fur- 
ther increases  the  rapidity  of  the  deposition.  Contrary  to 
general  chemical  analogy  the  deposited  metal  is  of  a  much 
superior  quality  to  that  deposited  oy  the  very  slow  action  of  a 
common  temperature. 

At  the  same  time  it  must  be  borne  in  mind,  that  if  the  pro- 
cess is  quickened  by  strengthening  the  solution  in  the  positive 
cell  by  the  addition  of  an  acid,  the  metal  deposited  in  the 
opposite  one  is  of  a  very  inferior  quality ;  so  much  so  as  to  be 
totally  unfit  for  any  practical  purpose.  Under  these  circum- 
stances the  deoxidizing  process  is  not  completed,  the  deposit 
being  a  reddish  brown  protoxide  of  copper ;  this  last,  n  let 
remain  for  a  few  days  longer,  undergoes  a  still  further  change, 
it  then  becomes  a  black  oxide  erf*  copper,  such  as  may  be  used 
for  organic  analysis ;  and,  were  I  to  pursue  this  branch  of 
chemistry,  I  should  never  resort  to  any  other  method  of 
obtaining  it. 


Digitized  by  VjOOQ IC 


Mr.  Sturgeon,  on  the  use  of  Voltaic  Electricity.      279 

.   The  above  process  will  i^ply  to  copying  engraved  copper- 
plates, or  meoallions. 

I  have  also  been  able  to  obtain  impressions  from  wood 
engravings  by  the  following  method.  Take  a  piece  of  tinfoil 
the  size,  or  thereabouts,  of  the  engraving ;  place  it  on  the 
engraved  surface;  over  this  place  a  piece  of  sheet  India  rubber, 
and  put  the  whole  in  a  press ;  on  taking  out  of  which  it 
will  be  found  the  tin  is  thoroughly  im^essra  into  the  lines  of 
the  wood.  A  coating  of  plaster  of  JParis  must  now  be  laid 
on  the  tin  to  about  l^lf  an  inch  in  thickness ;  when  set,  the 
whole  may  be  taken  off  the  wooden  block.  It  will  be 
found  that  the  tin  adheres  to  the  plaster,  and  leaves  the  face 
of  the  engraving.  The  tin  surface  may  now  be  deposited  on 
to  any  required  thickness.  The  above  was  tried  on  a  coarse 
wood  engraving.  I  am  unable  to  say  how  it  might  answer 
fxx  a  fine  one. 

I  have  been  more  than  once  reminded  of  the  fusible  metal, 
that  melts  at  a  temperature  of  boiling  water,  but  have  had  no 
opportunity  of  trying  it ;  it  might  be  applicable  for  copying 
wood  engravings. 

I  have  yet  another  method  which  I  am  in  hopes  will  still 
further  improve  the  process,  but  as  it  is  not  matured  I  shall 
take  a  fiituie  opportunity  of  communicating  it:  being  a 
modification  of  the  i^paratus,  it  will  require  an  engraving  to 
explain  it. 

Yours,  &c., 

THOMAS  SPENCER 


XXXVII.     On  the  use  of  Voltaic  Electricity.     In  a  letter 
to  the  Rev.  J.  B.  Reade.    By  Mr.  Sturgeon. 

Westmoreland  Cottage, 

December  2,  1839. 
My  dear  Sir, 
During  oiu:  conversation,  this  morning,  on  the  subject  of 
taking  &c  simile  impressions,  in  copper,  of  medallions,  coins, 
&c.,  by  the  process  of  Voltaism,  you  will  remember  that  the 
idea  occurred  to  me  of  giving  them  silver  or  golden  surfaces, 
by  a  similar  voltaic  process;  employing  a  solution  of  either  of 
those  metals  in  connexion  with  the  prepared  matrix,  instead 
of  a  solution  of  copper.  Turning  the  subject  over  in  my 
mind  whilst  walking  home«  a  thought  struck  me  that  a  com- 
plete  medallion  of  any  kind  of  metal  might  easily  be  made 
by  the  voltaic  process  j  or  the  medallion  might  be  constructed 
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of  different  metals  and  in  a  variety  of  ways,  which  it  would 
be  difficult  to  imitate  by  any  other  process. 

The  following  are  some  of  the  methods : — 

Let  a  matrix  of  each  side  of  the  medallion  intended  to  be 
copied  be  made  in  the  usual  way,  by  means  of  the  alloy 
usually  called  JSTewton^s  fusible  metal ^  and  let  the  metal  be 
about  an  eighth  of  an  inch  in  thickness.  To  the  back  of  this 
metal  is  to  be  soldered  one  end  of  a  copper  wire,  and  to  the 
other  end  a  piece  of  zinc,  which  is  afterwards  to  be  amal- 
gamated. The  metal  in  which  the  matrix  is  formed  is  now 
to  be  covered  with  a  thin  stratum  of  either  varnish  or  wax, 
leaving  bare  the  matrix  only.  The  wire  is  also  to  be  covered 
in  a  similar  manner,  and  is  to  be  bent  so  as  to  adapt  the  vol- 
taic metals  to  their  respective  positions  in  the  vessels  holding 
the  liquids  employed.  In  a  few  hours  the  matrix  will  have 
received  a  coating  of  precipitated  metal  from  the  solution, 
which  may  be  either  gold  or  silver:  the  thickness  of  the 
coating  will  depend  upon  the  time.  When  this  coating  is  sup- 
posed to  be  of  sufficient  thickness,  remove  the  solution  of 
the  silver  or  the  gold,  as  the  case  may  be,  and  replace  it  bv  a 
solution  of  the  sulphate  of  copper,  and  in  the  course  of  a  few 
days  you  will  have  a  considerable  thickness  of  copper  preci- 
pitated on  the  silver  coating  in  the  matrix.  These  two  metals 
will  adhere  firmly  together  so  as  to  be  one  piece.     When  this 

Soung  semi-medallion  is  removed  from  the  matrix,  it  will 
ave  a  copper  body  with  a  silver  or  a  gold  face.  Its  twin 
lister  may  be  formed  by  proceeding  in  the  same  way,  with  the 
matrix  formed  from  the  opposite  face  of  the  original  medallion, 
and  when  the  process  is  completed  the  fiat  copper  sides  may 
be  soldered  neatly  together,  so  as  to  form  a  complete  me- 
dallion similar  to  the  original  one. 

By  a  similar  process  a  complete  medaUion  may  be  formed 
having  a  gold  surface  on  one  side  and  a  silver  one  on  the 
other. 

Another  beautifiil  variation  may  be  made  by  the  following 
process.  Imagine  that  we  wanted  a  medallion  whose  promp- 
nent  parts  should  be  of  gold,  and  the  rest  silver.  The  head 
of  Newton,  for  instance,  with  its  motto,  to  be  of  gold.  Var- 
nish with  wax  every  other  part  of  the  matrix,  and  put  it  in 
galvanic  action  in  a  solution  of  gdd.  In  a  few  hours  a  eolden 
head  and  motto  will  be  formed.  Now  remove  the  gold  solu- 
tion ;  and  clean  the  matrix  of  its  coating  of  wax.  Now  put 
the  matrix  in  voltaic  action  in  a  solution  of  silver,  and  the 
face  of  the  new  medallion  will  be  filled  up  with  silver.  If  the 
body  of  the  medallion  is  to  be  silver,  the  action  may  be  con- 
tinued for  a  few  days ;  but  if  the  body  is  to  be  <tf  copper,  pro- 
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eeed  as  before  directed  with  a  solution  of  sulphate  of  copper. 
Similar  processes  give  infinite  scope  to  the  ingenious  in  vary- 
ing and  ornamenting  this  class  of  voltaic  productions. 

I  am,  my  dear  Sir, 
Yours  very  tridy, 

W.  STURGEON. 
To  the  Rev.  J.  B,  Reade. 


XXXVIII.  Contributions  to  Electricity  and  Magnetism. 
By  Joseph  Henry,  1a.h.D.y  Professor  of  Natural  Philo^ 
sophyy  in  the  College  of  New  Jersey  ^  Princeton* 

On  Electro- Dynamic  Induction. 

INTRODCCTION. 

L  Since  my  investigations  in  reference  to  the  influence  of 
a  spiral  conductor,  in  increasing  the  intensity  of  a  galvanic 
current,  were  submitted  to  the  Society,  the  valuable  paper 
of  Dr.  Faraday,  on  the  same  subject,  has  been  published,  and 
also  various  modifications  of  the  principle  have  been  made  by 
Stui^eon,  Masson,  Page,  and  others,  to  increase  the  effects. 
The  spiral  conductor  has  likewise  been  applied  by  Cav. 
Antinori  to  produce  a  spark  by  the  action  of  a  thermo-elec- 
trical  pile  :  and  Mr.  Watkins  has  succeeded  in  exhibiting  all 
the  phenomena  of  hydro-electricity  by  the  same  means. 
Although  the  principle  has  been  much  extended  by  the 
researches  of  Dr.  Faraday,  yet  I  am  happy  to  state  that  the 
results  obtained  by  this  distinguished  philosopher  are  not  at 
variance  with  those  given  in  my  paper. 

2.  I  now  ofier  to  the  Society  a  new  series  of  investigations 
in  the  same  line,  which  I  hope  may  also  be  considered  of 
sufficient  importance  to  merit  a  place  in  the  Transactions. 

3«  llie  primary  object  of  these  investigations  was  to  dis- 
cover, if  possible,  inductive  actions  in  common  electricity 
analogous  to  those  found  in  galvanism.  For  this  purpose  a 
series  of  experiments  was  commenced  in  the  spring  of  1836, 
but  1  was  at  that  time  diverted,  in  part,  from  the  immediate 
object  of  my  research,  by  a  new  investigation  of  the  pheno- 
mena known  in  common  electricity  by  the  name  of  the 
lateral  discharge.  Circumstances  prevented  my  doing  tiny 
thing  further,  in  the  way  of  experiment,  until  April  last, 
when  most  of  the  results  which  1  now  offer  to  the  Society 
were  obtained.    The  investigations  are  not  as  complete,  in 

*  Communicated  by  the  Author, 
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several  points,  as  I  could  wish,  but  as  my  duties  will  not 

r^rmit  me  to  resume  the  subject  for  some  months  to  come, 
therefore  present  them  as  they  are ;  knowing,  from  the  in* 
terest  excited  by  this  branch  oi  science  in  every  part  of  the 
world,  that  the  errors  which  may  exist  will  soon  be  detected^ 
and  the  truths  be  further  developed. 

4.  The  experiments  are  given  nearly  in  the  order  in  which 
they  were  made  ;  and  in  general  they  are  accompanied  by  the 
reflections  which  led  to  the  several  steps  of  the  investigation. 
The  whole  series  is  divided,  for  convenience  of  arrangement, 
into  six  sections,  although  the  subject  may  be  considered  as 
consisting,  principally,  of  two  parts.  The  first  relating  to  a 
new  examination  of  the  induction  of  galvanic  currents  ;  and 
the  second  to  the  discovery  of  analogous  results  in  the  dis- 
charge of  ordinary  electricity.* 

5.  The  principal  articles  of  apparatus  used  in  the  experi- 
ments, consist  of  a  number  of  flat  coils  of  copper  riband, 
which  will  be  designated  by  the  names  of  coil  No.  I,  coil 
No.  2,  &c. :  also  of  several  coils  of  long  wire ;  and  these,  to 
distinguish  them  from  the  ribands,  will  be  called  helix  No.  1, 
helix  No.  2,  &c. 

6.  Coil  No.  1  is  formed  of  thirteen  pounds  of  copper  plate, 
one  inch  and  a  half  wide  and  ninety-three  feet  long.  It  is 
well  covered  with  two  coatings  of  silk,  and  was  generally 
used  in  the  form  represented  in  fig.  2,  Plate  VI.,  which  is 
that  of  a  flat  spiral  sixteen  inches  in  diameter.  It  was  how- 
ever sometimes  formed  into  a  ring  of  larger  diameter,  as  is 
shown  in  fig.  5. 

7*  Coil  No.  2  is  also  formed  of  copper  plate,  as  the  same 
width  and  thickness  as  coil  No.  1.  It  is,  however,  only  sixty 
feet  long.  Its  form  is  shown  at  £,  fig.  2.  The  opening  at 
the  centre  is  sufficient  to  admit  helix  No.  I.  Coils  No. 
3, 4,  5^  6,  &c.  are  all  about  sixty  feet  long,  and  of  copper 
plate  of  the  same  thickness  but  of  half  the  width  of  coil^ 
No.  1. 

8.  Helix  No.  1  consists  of  sixteen  hundred  and  sixty  yards 
of  copper  vrire,  V^th  of  an  inch  in  diameter.  No.  2,  of  nine 
hundred  and  ninety  yards :  and  No.  3,  of  three  hundred  Imd 
fifty  yards,  of  the  same  wire.  These  helices  are  shown  in 
fig.  3,  and  are  so  adjusted  in  size  as  to  fit  into  each  other ; 
thus  forming  one  long  helix  of  three  thousand  yards: 
or,  by  using  them  separately^  and  in  different  combinations^ 

*  The  several  paragraphs  are  numbered  in  succession,  firom  the 
first  to  the  lasU  aher  3ie  mode  adopted  by  Mr.  Faraday,  for  con- 
venience of  reierence. 
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ieven  helices  of  different  lengths.  The  wire  is  covered  with 
cotton  thread,  saturated  with  bees'  wax,  and  between  each 
stratum  of  spires  a  coating  of  silk  is  interposed. 

9.  Helix  No.  4,  is  sho¥rn  at  a,  fig.  5 ;  it  is  formed  of  five 
hundred  and  forty-six  yardd  of  wire;  tV^  of  an  inch  in 
diameter,  the  several  spires  of  which  are  insulated  by  a  coat- 
ing of  cement.  Helix  No.  5  consists  of  fifteen  hundred 
yards  of  silvered  copper  wire,  TTTth  of  an  inch  in  diameter, 
covered  with  cotton,  and  is  of  the  form  of  No.  4. 

10.  Besides  these  I  was  favoured  with  the  loan  of  a  large 
spool  of  copper  wire,  covered  with  cotton,  rVth  of  an  inch  in 
diameter,  and  five  miles  long.  It  is  wound  on  a  small  axis 
of  iron,  and  forms  a  solid  cylmder  of  wire,  eighteen  inches 
long,  and  thirteen  in  diameter. 

11.  For  determining  the  direction  of  induced  currents,  a 
magnetizing  spiral  was  generally  used,  which  consists  of 
about  thirty  spires  of  copper  wire,  in  the  form  of  a  cylinder, 
and  so  small  as  just  to  aamit  a  sewing  needle  into  the  axis. 

12.  Also  a  small  horse- shoe  is  frequently  referred  to,  which 
b  formed  of  a  piece  of  soft  iron,  about  three  inches  long,  and 
fths  of  an  inch  thick ;  each  leg  is  surrounded  with  about 
five  feet  of  copper  bell  wire.  This  length  is  so  small,  that 
only  a  current  of  electricitv  of  considerable  quantity  can 
4evelope  the  magnetism  of  the  iron.  The  instrument  is  used 
for  indicating  the  existence  of  such  a  cuirent. 

13.  The  battery  used  in  most  of  the  experiments  is  shown 
in  fig.  2.  It  is  formed  of  three  concentric  cylinders  of  cop- 
per,  and  two  interposed  cylinders  of  zinc«  It  is  about  eight 
inches  high,  five  inches  in  diameter,  and  exposes  about  one 
square  foot  and  three  quarters  of  nnc  surface,  estimating  both 
sides  of  the  metaU  In  some  of  the  experiments  a  larger 
battery  was  used,  weakly  charged,  but  all  the  results  men- 
tioned iji  the  paper,  except  those  with  a  Cruickdiank  trough, 
can  be  obtained  with  one  or  two  batteries  cl  the  above  size, 
particularly  if  excited  by  a  strong  solution.  The  manner  of 
interrupting  the  circuit  of  the  conductor  by  means  of  a  rasp,^ 
b,  is  shown  in  the  same  figure. 

SBcnoN  I. 

Conditions  which  influence  the  indttction  of  a  Current 

on  itself, 

14.  The  phenomenon  of  the  spiral  conductor  is  at  present 
known  by  the  name  of  the  induction  of  a  current  on  itself,  to 
distinguish  it  from  the  induction  of  the  secondary  current, 
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discovered  by  Dr.  Faraday.  The  two,  however,  belong  ta 
the  same  class,  and  experiments  render  it  probable  that  the 
tipark  given  by  the  long  conductor  is,  from  the  natural  elec* 
tricity  of  the  metal,  disturbed  for  an  instant  by  the  induction 
of  the  primary  current.  Before  proceeding  to  the  other  parts 
of  these  investigations,  it  is  important  to  state  the  results  of  a 
number  of  preliminary  experiments,  made  to  determine  more 
definitely  the  conditions  which  influence  the  action  of  the 
spiral  conductor. 

15.  When  the  electricity  is  of  low  intensity,  as  in  the  case 
of  the  thermo-electrical  pile,  or  a  large  single  battery  weakly 
excited  with  dilute  acid,  the  flat  riband  coil  No.  1,  ninety- 
three  feet  long,  is  found  to  give  the  most  brilliant  deflagra- 
tions, and  the  loudest  snaps  from  a  surface  of  mercury.  The 
shocks,  with  this  arrangement,  are,  however,  very  feeble, 
and  can  only  be  felt  in  the  fingers  or  through  the  tongue. 

16.  The  induced  current  in  a  short  coil,  which  thus  pro- 
duces deflagration,  but  not  shocks,  may,  for  dbtinction^  be 
called  one  of  quantity. 

17*  When  the  length  of  the  coil  is  increased,  the  battery 
continuing  the  same,  the  deflagrating  power  decreases,  while 
the  intensity  of  the  shock  continually  increases.  With  five 
riband  coils,  making  an  aggregate  length  of  three  hundred 
feet,  and  the  small  battery,  fig.  2,  the  deflagration  is  less 
than  with  coil  No.  1,  but  the  shocks  are  more  intense. 

18.  There  is,  however,  a  limit  to  this  increase  of  intensity 
of  the  shock,  and  this  takes  place  when  the  increased 
resistance  or  diminished  conduction  of  the  lengthened  coil 
begins  to  counteract  the  influence  of  the  increasing  length  of 
the  current.  The  following  experiment  illustrates  this  fact. 
A  coil  of  copper  wire,  Ve^h  of  an  inch  in  diameter,  was 
increased  in  length  by  successive  additions  of  about  thirty- 
two  feet  at  a  time.  After  the  first  two  lengths,  or  sixty-four 
feet,  the  brilliancy  of  the  spark  began  to  decline,  but  the 
shocks  constantly  increased  in  intensity,  until  a  length  of  five 
hundred  and  seventy-five  feet  was  obtained,  when  the  shocks 
also  began  to  decline.  This  was  then  the  proper  length  to 
produce  the  maximum  effect  with  a  single  battery,  and  a 
wire  of  the  above  diameter. 

19.  When  the  intensity  of  the  electricity  of  the  battery  is 
increased,  the  action  of  the  short  riband  coil  decreases. 
With  a  Cruickshank's  trough  of  sixty  plates,  four  inches 
square,  scarcely  any  peculiar  effect  can  be  observed,  when 
the  coil  forms  a  part  of  the  circuit.  If  however  the  length  of 
the  coil  be  increased  in  proportion  to  the  intensity  of  the 
current,  then  the  inductive  influence  becomes    apparent. 
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When  the  cmreat,  from  ten  plates  of  the  above-mentioned 
trough  J  was  passed  through  the  wire  of  the  large  spool  (10), 
the  induced  shock  was  too  severe  to  be  taken  through  the 
body.  Again,  when  a  small  trough  of  twenty-five  one-inch 
plates,  which  alone  would  give  but  a  very  feeble  shock,  was 
used  with  helix  No.  1,  an  intense  shock  was  received  from 
the  induction,  when  the  contact  was  broken.  Also  a  slight 
shock  in  this  arrangement  is  given  when  the  contact  is  formed, 
but  it  is  very  feeble  in  comparison  with  the  other.  The 
spark,  however,  with  the  long  wire  and  compound  battery  is 
not  as  brilliant  as  with  the  single  battery  and  the  short 
riband  coil. 

20.  When  the  shock  is  produced  from  a  long  wire,  as  in 
the  4ast  experiments,  the  size  of  the  plates  of  the  battery  may 
be  very  much  reduced,  without  a  corresponding  reduction  of 
the  intensity  of  the  shock.  This  is  shown  in  an  experiment 
with  the  large  spool  of  wire  (10).  A  very  small  compound 
battery  was  formed  of  six  pieces  of  copper  bell  wire,  about 
one  inch  and  a  half  long,  and  an  equal-  number  of  pieces  of 
zinc  of  the  same  size.  When  the  current  from  this  was 
passed  through  the  five  miles  of  the  wire  of  the  spool,  the 
induced  shock  was  given  at  once  to  twentv-six  persons 
joining  hands.  This  astonishing  efiect  placed  the  action  of 
a  coil  in  a  striking  point  of  view. 

21.  With  the  same  spool  and  the  single  battery  used  in  the 
former  experiments,  no  shock,  or  at  most  a  verv  feeble  one, 
could  be  obtained.  A  current,  however,  was  found  to  pass 
throt^  the  whole  length,  by  its  action  on  the  galvanometer; 
but  it  was  not  sufficiently  powerful  to  induce  a  current  which 
could  counteract  the  resistance  of  so  long  a  wire. 

22.  The  induced  current  in  these  experiments  may  be 
considered  as  one  of  considerable  intensity,  and  small  quan- 
tity. 

23.  The  form  of  the  coil  has  considerable  influence  on  the 
intensity  of  the  action.  In  the  experiments  of  Dr.  Faraday, 
a  long  cylindrical  coil  of  thick  copper  wire,  inclosing  a  rod 
of  soft  iron,  was  used.  This  form  produces  the  greatest 
efiect  when  magnetic  reaction  is  employed ;  but  in  the  case 
of  simple  galvanic  induction,  I  have  found  the  form  of  the 
coils  and  helices  represented  in  the  figures  most  efiectual. 
The  several  spires  are  more  nearly  approximated,  and  there- 
fore they  exert  a  greater  mutual  influence.  In  some  cases, 
as  will  be  seen  hereafter,  the  ring  form,  shown  in  fig.  5,  is 
most  effectual. 

24.  In  all  cases  the  several  spires  of  the  coil  should  be 
well  insulated^  for  although  in  magnetizing  soft  iron^  and  in 
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analogous  experiments,  the  touching  of  tvro  spires  is  not 
attended  with  any  great  reduction  of  action  ;  yet  in  the  case 
of  the  induced  current,  as  will  be  shown  in  the  progress  of 
these  investigations,  a  single  contact  of  two  spires  is  some- 
times sufficient  to  neutralize  the  whole  effect. 

25.  It  must  be  recollected  that  all  the  experiments  with 
these  coils  sknd  helices,  unless  otherwise  mentioned,  are  made 
without  the  reaction  of  iron  temporarily  magnetized  ;  since 
the  introduction  of  this  would,  in  some  cases,  interfere  with 
the  action,  and  render  the  results  more  complex. 


SECTION    II. 

Conditions  which  influence  the  production  of  Secondary 

Currents, 

26.  The  secondary  currents,  as  it  is  well  known,  were 
discovered  in  the  induction  of  magnetism  and  electricity,  by 
Dr.  Faraday,  in  1831.  But  he  was  at  that  time  urged  to 
the  exploration  of  new,  and  apparently  richer  veins  of  sdence^ 
and  left  this  branch  to  be  traced  by  others.  Since  then, 
however,  attention  has  been  almost  exclusively  directed  to 
one  part  of  the  subject,  namely,  the  induction  from  magne- 
tism, and  the  perfection  of  the  magneto-dectrical  machine. 
And  1  knaw  ot  no  attempts,  except  my  own,  to  review  and 
extend  the  purely  electrical  part  of  Dr.  Faraday's  admirable 
discovery. 

27.  The  energetic  action  of  the  flat  coil,  in  producing  the 
induction  of  a  current  on  itself,  led  me  to  conclude  that  it 
would  also  be  the  most  proper  means  for  the  exhibition  and 
study  of  the  phenomena  of  the  secondary  galvanic  currents. 

28.  For  this  purpose  coil  No.  1  was  arranged  to  receive 
the  current  from  the  small  battery,  and  coil  No.  2  placed  on 
this,  with  a  plate  of  glass  interposed  to  insure  perfect  insula- 
tion; as  often  as  the  circuit  of  No.  1  was  interrupted,  a 
powerful  secondary  current  was  induced  in  No.  2.  The 
arrangement  is  the  same  as  that  exhibited  in  fig.  4,  with 
the  exception  that  in  thia  the  compound  helix  is  represteted 
as  receiving  the  induction^  instead  of  onl  No.  2. 

29.  When  the  ends  of  the  second  coil  were  rubbed 
together,  a  spark  was  produced  at  the  opening;  When'  tfaie 
same  ends  were  joined  by  the  magnetizmg  spiral  (11),  the 
inclosed  needle  became  strongly  magnetic.  Also  when  the 
secondary  current  was  passed  through  the  wires  of  the  iron 
horse-shoe  (12),  magnetism  was  developed;  and  when  the 
ends  of  the  second  coil  were  attached  to  a  small  decompoung 
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apparatus,  of  the  kind  which  accompanies  the  magneto- 
electrical  machine,  a  stream  of  gas  was  given  off  at  each  pole. 
Hie  shock,  however,  from  this  coil  is  very  feeble,  and  can 
scacely  be  felt  above  the  fingers. 

30.  This  current  has  therefore  the  properties  of  one  of 
moderate  intensity,  but  considerable  quantity. 

31.  Coil  No.  1  remidnin^  as  before,  a  longer  coil,  formed 
by  uniting  Nos.  3,  4,  and  5,  was  substituted  for  No.  2.  With 
this  arrangement,  the  spark  produced  when  the  ends  were 
rubbed  together,  was  not  as  brilliant  as  before ;  the  magne-' 
Using  power  was  much  less ;  decomposition  was  nearly  the 
same,  but  the  shocks  were  more  powerful,  or,  in  other  words, 
the  intensity  of  that  induced  current  was  increased  by  an 
increase  of  the  length  of  the  coil,  while  the  quantity  was 
apparently  decreased. 

32.  A  compound  helix,  formed  by  uniting  Nos.  1  and  2, 
and  therefore  containing  two  thousand  six  hundred  and  fifty 
yards  of  wire,  was  next  placed  on  coil  No.  L  The  weight 
of  this  helix  happened  to  be  precisely  the  same  as  that  of 
coil  No.  2,  and  hence  the  different  effects  of  the  same  quan- 
tity of  metal  in  the  two  forms  of  a  long  and  short  conductor, 
could  be  compared.  With  this  arrangement  the  magnetiz- 
ing effects,  with  the  apparatus  before  mentioned,  disappeared. 
The  sparks  were  much  smaller,  and  also  the  decompositions 
less,  than  with  the  short  coil ;  but  the  shock  was  almost  too 
intense  to  be  received  with  impunity,  except  through  the 
fingers  of  one  hand.  A  circuit  of  fifty-six  of  the  students 
of  the  senior  class,  received  it  at  once  from  a  single  rupture 
of  the  battery  current,  as  if  from  the  disdiarge  of  a  Leydeh 
jar  weakly  charged.  The  secondary  current  in  this  case  was 
one  of  small  quantity,  but  of  great  intensity. 

33.  The  following  experiment  is  important  in  establishing 
the  fact  of  a  limit  to  the  increase  of  the  intensity  of  the 
shock,  as  well  as  the  power  of  decomporition,  with  a  wire  of 
a  given  diameter.  Helix  No.  5,  which  consists  of  wire  only, 
TTTth  of  an  inch  in  diameter,  was  placed  on  coil  No.  2,  and 
Its  length  increased  to  about  seven  hundred  yards.  With 
this  extent  of  wire,  neither  decomposition  nor  magnetism 
could  be  obtained^  but  shocks  were  given  of  a  peculiarly 
pungent  nature  ^  they  did  not  however  produce  much 
muscular  action.  The  wire  of  the  heUx  was  further  increased 
to  about  fifteen  hundred  yards ;  the  shock  was  now  found  to 
be  scarcely  perceptible,  in  the  fingers. 

34.  As  a  counterpart  to  the  kist  experiment,  coil  No.  1 
was  formed  into  a  ring  of  sufficient  internal  diameter  to  admit 
the  great  spool  of  wire  (11),  and  with  the  whole  length  of 
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this  (wbich^  as  has  before  been  stated,  is  five  miles)  the  shock 
was  found  so  intense  as  to  be  felt  at  the  shoulder,  when 
passed  only  through  the  forefinger  and  thumb.  Sparks  and 
decomposition  were  also  produced,  and  needles  rendered 
magnetic.  The  wire  of  this  spool  is  r'^th  of  an  inch  thick, 
and  we  therefore  see  from  this  experiment,  that  by  increasing, 
the  diameter  of  the  wire,  its  length  may  also  be  much 
increased,  with  an  increased  efiect. 

35.  The  fact  (33)  that  the  induced  current  is  diminished 
by  a  further  increase  of  the  wire,  after  a  certain  length  has 
been  attained,  is  important  in  the  construction  of  the  mag- 
neto-electrical machine,  since  the  same  efiect  is  produced  in 
the  induction  of  magnetism.  Dr.  Goddard  of  Philadelphia, 
to  whom  I  am  indebted  for  coil  No.  5,  found  that  when  its 
whole  length  was  wound  on  the  iron  of  a  temporary  magnet, 
no  shocks  could  be  obtained.  The  wire  of  the  machine. may 
therefore  be  of  such  a  length,  relative  to  its  diameter,  as  to 
produce  shocks,  but  no  decomposition ;  and  if  the  length  be 
still  further  increased,  the  power  of  giving  shocks  may  also 
become  neutralized. 

36.  The  inductive  action  of  coil  No.  1,  in  the  foregoing 
experiments,  is  precisely  the  same  as  that  of  a  temporary 
magnet  in  the  case  of  the  magneto-electrical  machine.  A 
short  thick  wire  around  the  armature  gives  brilliant  deflagra- 
tions, but  a  long  one  produces  shocks.  This  fact,  I  believe, 
was  first  discovered  by  my  friend  Mr.  Saxton,  and  afterwards 
investigated  by  Sturgeon  and  Lenz. 

37.  We  might,  at  first  sight,  conclude,  from  the  perfect 
similarity  of  these  effects,  that  the  currents,  which,  according 
to  the  theory  of  Ampere,  exist  in  the  magnet,  are  like  those 
in  the  short  coil,  of  great  quantity  and  feeble  intensity;  but 
succeeding  experiments  will  show  that  this  is  not  necessarily 
the  case. 

38.  All  the  experiments  given  in  this  section  have  thus 
far  been  made  with  a  battery  of  a  single  element.  This  con-e- 
dition was  now  changed,  and  a  Cruickshank  trough  of  sixty 
pairs  substituted.  When  the  current  from  this  was  passed 
through  the  riband  coil  No.  1,  no  indication,  or  a  very  feeble 
one,  was  given  of  a  secondary  current  in  any  of  the  coUs  or 
helices,  arranged  as  in  the  preceding  experiments.  The 
length  of  the  coil,  in  this  case,  was  not  commensurate  with 
the  intensity  of  the  eurrent  from  the  battery.  But  when  the 
long  helix  No.  l,was  placed  insteadof  coilNo.  1,  a  powerful 
inductive  action  was  produced  on  each  of  the  articles,  as 
before. 
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39.  First,  helices  No.  2  and  3  were  united  into  one,  and 
placed  within  helix  No.  1,  which  still  conducted  the  battery 
current.  With  this  disposition  a  secondary  current  was  pro- 
duced, which  gave  intense  shocks  but  feeble  decomposition^ 
and  no  magnetism  in  the  soft  iron  horseshoe.  It  was  there- 
fore one  of  intensity,  and  was  induced  by  a  battery  current 
also  of  intensily. 

40.  Instead  of  the  helix  used  in  the  last  experiment  for 
receiving  the  induction,  one  of  the  coils  (No.  3)  was  now 
placed  on  helix  No.  1,  the  battery  remaining  as  before.  With 
this  arrangement  the  induced  current  gave  no  shocks,  but  it 
magnetized  the  small  horseshoe ;  and  when  the  ends  of  the 
coil  were  rubbed  together,  produced  bright  sparks.  It  had 
therefore  the  properties  of  a  current  of  quantity ;  and  it  was 
produced  by  the  induction  of  a  current,  from  the  battery,  of 
intensity. 

41.  Thisexperiment  was  considered  of  so  much  importance, 
that  it  was  varied  and  repeated  many  times,  but  always  with 
the  same  result;. it  therefore  establbhes  the  fact  that  an 
intensity  current  can  induce  one  of  quantity ^  and,  by  the 
preceding  experiments,  the  converse  has  also  been  shown, 
that  a  quantity  current  can  induce  one  of  intensity. 

42.  Phis  fact  appears  to  have  an  important  bearing  on  the 
law  of  the  inductive  action,  and  would  seem  to  &vour  the 
supposition  that  the  lower  coil,  in  the  two  experiments  with 
the  long  and  short  secondary  conductors,  exerted  the  same 
amount  of  inductive  force,  and  that  in  one  case  this  was  ex- 
pended (to  use  the  language  of  theory)  in  giving  a  great 
velocity  to  a  small  quantity  of  the  fluid,  and  in  the  other  in 
producing  a  slower  motion  in  a  larger  current ;  but  in  the 
two  cases,  were  it  not  for  the  increased  resistance  to  conduc- 
tion in  the  longer  wire,  the  quantity  multiplied  by  the  velocity 
would  be  the  same.  This,  however,  is  as  yet  a  hypothesis, 
but  it  enables  us  to  conceive  how  intensity  and  quantity  may 
both  be  produced  from  the  same  induction. 

43.  From  some  of  the  foregoing  experiments  we  may 
conclude,  that  the  quantity  of  electricity  in  motion  in  the 
helix  is  really  less  than  in  the  coil,  of  the  same  weight  of 
metal ;  but  this  may  possibly  be  owing  simply  to  the  greater 
resistance  oflered  by  the  longer  wire.  It  would  also  appear, 
if  the  above  reasoning  be  correct,  that  to  produce  the  most 
energetic  physiological  effects,  only  a  small  quantity  of  elecr 
tricity,  moving  with  great  velocity,  is  necessary. 

44.  In  this  and  the  preceding  section,  1  have  attempted  to 
give  only  the  general  conditions  which  influence  the  galvanic 
induction.    To  establish  the  law  would  require  a  great  num- 
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ber  of  more  refined  experiments^  and  the  consideration  of 
several  circumstances  which  would  affect  the  results,  such  as 
the  conduction  of  the  wires,  the  constant  state  of  the  battery, 
the  method  of  breaking  the  circuit  with  perfect  regularity, 
and  also  more  perfect  means  than  we  now  possess  of  measuring 
the  amount  of  the  inductive  action ;  all  these  circumstances 
render  the  problem  very  complex* 

BBCTION   III. 

On  the  Induction  of  Secondary  Currents  at  a  distance. 

45.  In  the  experiments  given  in  the  two  preceding  Sections, 
the  conductor  which  received  the  induction,  was  separated 
from  that  which  transmitted  the  primary  current  by  the  thick- 
ness only  of  a  pane  of  glass ;  but  the  action  from  this 
arrangement  was  so  energetic,  that  I  was  naturally  led4o  try 
the  effect  at  a  greater  distance. 

46.  For  this  purpose  coil  No.  1  was  formed  into  a  ring  of 
about  two  feet  in  diameter,  and  helix  No.  4  placed  as  is  shown 
in  fig.  5.  When  the  helix  was  at  the  distance  of  about  six- 
teen inches  from  the  middle  of  the  plane  of  the  ring,  shocks 
could  be  perceived  through  the  tongue,  and  these  rapidly 
increased  in  intensity  as  the  helix  was  lowered,  and  when  it 
reached  the  plane  of  the  ring  they  were  quite  severe.  The 
effect,  however,  was  still  greater,  when  the  helix  was  moved 
from  the  centre  to  the  inner  circumference,  as  at  c :  but  when 
it  was  placed  without  the  ring,  in  contact  with  the  outer  cir- 
cumference,  at  i,  the  shocks  were  very  slight;  and  when 
placed  within,  but  its  axis  at  right  angles  to  that  of  the  ring, 
not  the  least  effect  could  be  observed. 

4tJ.  With  a  little  reflection,  it  will  be  evident  that  this 
arrangement  is  not  the  most  favourable  for  exhibiting  the 
induction  at  a  distance,  since  the  side  of  the  ring,  for  example, 
at  c,  tends  to  produce  a  current  revolving  in  one  direction  in 
the  near  side  of  the  helix,  and  another  in  an  opposite  direction 
in  the  farther  side.  The  resulting  effect  is  therefore  only 
the  difference  of  the  two,  and  in  the  position  as  shown  in  the 
figure ;  this  difference  must  be  very  small,  since  the  opposite 
sides  of  the  helix  are  approximately  at  the  same  distance 
from  c.  But  the  difference  of  action  on  the  two  sides  con* 
stantly  increases  as  the  helix  is  brought  near  the  side  of  the 
ring,  and  becomes  a  maximum  when  Uie  two  are  in  the  posi- 
tion of  internal  contact.  A  helix  of  larger  diameter  would 
therefore  produce  a  greater  effect. 

48.  CoU  No.  1  remaining  as  before,  helix  No*  1,  which  is 
nine  inches  in  diameter,  was  substituted  for  the  small  helix 
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of  the  last  experiment,  and  with  this  the  effect  at  a  distance 
was  niach  increased.  When  coil  No.  2  was  added  to  coil 
No.  1,  and  the  currents  from  two  small  batteries  sent  through 
these,  shocks  were  distinctly  perceptible  through  the  tongue, 
when  the  distance  of  the  planes  of  the  coils  and  the  three 
helices,  united  as  one,  was  increased  to  thirty-six  inches. 

49.  The  action  at  a  distance  was  still  further  increased  by 
coiling  the  long  wire  of  the  large  spool  into  the  form  of  a 
ring  of  four  feet  in  diameter,  and  placing  parallel  to  this 
another  ring,  formed  of  the  four  ribands  of  coils  No.  1, 2, 3, 
and  4.  When  a  current  from  a  single  battery  of  thirty-five 
feet  of  zinc  surface  was  passed  through  the  riband  conductor, 
shocks  through  the  tongue  were  felt  when  the  rings  were 
separated  to  the  distance  of  four  feet.  As  the  conductors 
were  approximated,  the  shocks  became  more  and  more 
severe;  and  when  at  the  distance  of  twelve  inches,  they 
could  not  be  taken  through  the  body. 

50.  It  may  be  stated  in  this  connexion,  that  the  galvanic 
induction  of  magnetism  in  soft  iron,  in  reference  to  distance, 
is  also  surprisingly  great.  A  cylinder  of  soft  iron,  two  inches 
in  diameter  and  one  foot  long,  placed  in  the  centre  of  the 
ring  of  copper  riband,  with  the  battery  above  mentioned, 
becomes  strongly  magnetic. 

51.  I  may  perhaps  be  excused  for  mentioning  in  this  com- 
munication that  the  induction  at  a  distance  affords  the  means 
of  exhibiting  some  of  the  most  astonishing  experiments,  in 
the  line  of  physique  amtisantey  to  be  found  perhaps  in  the 
whole  course  of  science.  I  will  mention  one  which  is  some- 
what connected  with  the  experiments  to  be  described  in  the 
next  section,  and  which  exhibits  the  action  in  a  striking 
manner.  This  consists  in  causing  the  induction  to  take  place 
through  the  partition  wall  of  two  rooms.  For  this  purpose 
coil  No.  1  is  suspended  against  the  wall  in  one  room,  while 
a  person  in  the  adjoining  one  receives  the  shock,  by  grasping 
the  handles  of  the  helix,  and  approacbinff  it  to  the  spot  op- 
posite to  which  the  coil  is  suspended.  The  effect  is  as  if  by 
magic,  without  a  visible  cause*  It  is  best  produced  through 
tt  door,  or  thin  wooden  partition. 

52.  The  action  at  a  distance  affords  a  simple  method  of 
graduating  the  intensity  of  the  shock  in  the  case  of  its  appli- 
cation to  medical  purposes.  The  helix  may  be  suspended 
by  a  string  passing  over  a  pulley,  and  then  gradually  lowered 
down  towards  the  plane  of  the  coil,  until  the  shocks  are  of 
the  required  intensity.  At  the  request  of  a  medical  friend, 
1  have  lately  administered  th^  induced  current  precisely  in 
this  way,  in  a  case  of  paralysis  of  a  part  of  the  nerves  of  the 
face. 

^2  Digitized  by  LjOOgle 


292        Prof.  Henry,  on  Electricity  and  Magnetism. 

53.  I  may  also  mention  that  the  energetic  action  of  the 
spiral  conductors  enables  us  to  imitate,  in  a  very  striking 
manner,  the  inductive  operation  of  the  magneto-electrical 
machine,  by  means  of  an  uninterrupted  galvanic  current. 
For  this  purpose  it  is  only  necessary  to  arrange  two  coils  to 
represent  the  two  poles  of  a  horse-shoe  magnet,  and  to  cause 
two  helices  to  revolve  past  them  in  a  parallel  plane.  While 
a  constant  current  is  passing  through  each  coil,  in  opposite 
directions,  the  effect  of  the  rotation  of  the  helices  is  precisely 
the  same  as  that  of  the  revolving  armature  in  the  machine. 

54.  A  remarkable  fact  should  here  be  noted  in  reference  to 
helix  No.  4,  which  is  connected  with  a  subsequent  part  of 
the  investigation.  This  helix  is  formed  of  copper  wire,  the 
spires  of  which  are  insulated  by  a  coating  of  cement  instead 
of  thread,  as  in  the  case  of  the  others.  After  being  used  in 
the  above  experiments,  a  small  discharge  from  a  Leyden  jar 
was  passed  through  it,  and  on  applying  it  again  to  the  coil,  1 
was  much  surprised  to  find  that  scarcely  any  signs  of  a 
secondary  current  could  be  obtained. 

55.  The  discharge  had  destroyed  the  insulation  in  some 
part,  but  this  was  not  sufficient  to  prevent  the  magnetizing 
of  a  bar  of  iron  introduced  into  the  opening  at  the  centre. 
The  effect  appeared  to  be  confined  to  the  inductive  action. 
The  same  accident  had  before  happened  to  another  coil  of 
nearly  the  same  kind.  It  was  therefore  noted  as  one  of  some 
importance.  An  explanation  was  afterwards  found  in  a 
peculiar  action  of  the  secondary  current. 

SKCTION    IV. 

On  the  effects  prodtcced  by  interposing  different  Substances 
between  the  Conductors. 

56.  Sir  H.  Davy  found,  in  magnetizing  needles  by  an 
electrical  discharge,  that  the  effect  took  place  through  inter- 

Sosed  plates  of  all  substances,   conductors   and   non-con- 
uctors.*    The  experiment  which  I  have  given  in  paragraph 
51  would  appear  to  indicate  that  the  inductive  action  which 

i)roduces  the  secondary  current  might  also  follow  the  same 
aw. 

57.  To  test  this  the  compound  helix  was  placed  about  five 
inches  above  coil  No.  1,  fig.  6,  and  a  plate  of  sheet  iron, 
about  rVth  of  an  inch  thick,  interposed.  With  this  arrange- 
ment no  shocks  could  be  obtained ;  although,  when  the  plate 
was  withdrawn,  they  were  very  intense. 

*  Philosophical  Transactions,  18^1. 
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58.  It  was  at  first  thought  that  this  effect  might  be  pecu- 
liar to  the  iron,  on  account  of  its  temporary  magnetism  ;  but 
this  idea  was  shown  to  be  erroneous  by  substituting  a  plate 
of  zinc  of  about  the  same  size  and  thickness.  With  this  the 
screening  influence  was  exhibited  as  before. 

59.  After  this  a  variety  of  substances  was  interposed  in 
succession,  namely,  copper,  lead,  mercury,  acid,  water,  wood, 
gla.ss,  &c. ;  and  it  was  found  that  all  the  perfect  conductors, 
such  as  the  metals,  produced  the  screening  influence )  but 
non-conductors,  as  glass,  wood,  8m:.,  appeared  to  have  no 
effect  whatever. 

60.  When  the  helix  was  separated  from  the  coil  by  a  dis- 
tance only  equal  to  the  thickness  of  the  plate,  a  slight  sen- 
sation could  be  perceived  even  when  the  zinc  of  yVth  of  an 
inch  in  thickness  was  interposed.  This  effect  was  increased 
by  increasing  the  quantity  of  the  battery  current.  If  the 
thickness  of  the  plate  was  diminished,  the  induction  through 
it  became  more  intense.  Thus  a  sheet  of  tinfoil  interposed 
produced  no  perceptible  influence ;  also  four  sheets  of  the 
same  were  attended  with  the  same  result.  A  certain  thick- 
ness of  metal  is  therefore  required  to  produce  the  screening 
effect,  and  this  thickness  depends  on  the  quantity  of  the 
current  from  the  battery. 

61.  The  idea  occurred  to  me  that  the  screening  might,  in 
some  way,  be  connected  with  an  instantaneous  current  in  the 
plate,  similar  to  that  in  the  induction  by  magnetic  rotation, 
discovered  by  M.  Arago.  The  ingenious  variation  of  this 
principle  by  Messrs.  Babbage  and  Herschell,  furnished  me 
with  a  simple  method  of  determining  this  point. 

62.  A  circular  plate  of  lead  was  interposed,  which  caused 
the  induction  in  the  helix  almost  entirely  to  disappear.  A 
slip  of  the  metal  was  then  cut  out  in  the  direction  of  a  radius 
of  the  circle,  as  is  shown  in  fig.  7-  With  the  plate  in  this 
condition,  no  screening  was  produced ;  the  shocks  were  as 
intense  as  if  the  metal  were  not  present. 

63.  This  experiment  however  is  not  entirely  satisfactory, 
since  the  action  might  have  taken  place  through  the  opening 
of  the  lead ;  to  obviate  this  objection,  another  plate  was  cut 
in  the  same  manner,  and  the  two  interposed  with  a  glass 
plate  between  them,  and  so  arranged  that  the  opening  in  the 
one  might  be  covered  by  the  continuous  part  of  the  other. 
Still  shocks  were  obtained  with  undiminished  intensity. 

64.  But  the  existence  of  a  current  in  the  interposed  con- 
ductor was  rendered  certain  by  attaching  the  magnetizing 
spiral  by  means  of  two  wires  to  the  edge  of  the  opening  in 
the  circular  plate^  as  is  shown  in  fig.  8.     By  this  arrauge- 
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ment  the  latent  current  was  drawn  out,  and  its  direction  ob- 
tained by  the  polarity  of  a  needle  placed  in  the  spiral  at  b. 

65.  This  current  was  a  secondary  one,  and  its  direction, 
in  conformity  with  the  discovery  of  Dr.  Faraday,  was  found 
to  be  the  same  as  that  of  the  primary  current. 

66.  That  the  screening  influence  is  in  some  way  produced 
by  the  neutralizing  action  of  Ihe  current  thus  obtained,  will 
be  clear,  from  the  following  experiment.  The  plate  of  zinc 
before  mentioned,  which  is  nearly  twice  the  diameter  of  the 
helix,  instead  of  being  placed  between  the  conductors,  was 
put  on  the  top  of  the  helix,  and  in  this  position,  although  the 
neutralization  was  not  as  perfect  as  before,  yet  a  great  reduc- 
tion was  observed  in  the  intensity  of  the  shock. 

67 .  But  here  a  very  interesting  and  puzzling  question 
occurs.  How  does  it  happen  that  two  currents,  both  in  the 
same  direction,  can  neutralize  each  other  ?  I  was  at  finit 
disposed  to  consider  the  phenomenon  as  a  case  of  real  elec- 
trical interference,  in  which  the  impulses  succeed  each  other 
by  some  regular  interval.  But  if  this  were  true  the  effect 
should  depend  on  the  length  and  other  conditions  of  the  cur- 
rent in  the  interposed  conductor.  I n  order  to  investigate  this, 
several  modifications  of  the  experiments  were  instituted. 

66.  First  a  flat  coil  (No.  3)  was  interposed  instead  of  the 
plates.  When  the  two  ends  of  this  were  separated,  the 
shocks  were  received  as  if  the  coil  were  not  present ;  but 
when  the  ends  were  joined,  so  as  to  form  a  perfect  metallic 
circuit,  no  shocks  could  be  obtained.  The  neutralization  with 
the  coil  in  this  experiment  was  even  more  perfect  than  with 
the  plate. 

69.  Again,  coil  No.  2^  in  the  form  of  a  ring,  was  placed  not 
between  the  conductors,  but  around  the  helix.  With  thia 
disposition  of  the  apparatus^  and  the  ends  of  the  coil  joined, 
the  shocks  were  scarcely  perceptible,  but  when  the  ends 
were  separated,  the  presence  of  the  coil  has  no  effect. 

70.  Also  when  helix  No.  1  and  2  were  together  submitted 
to  the  influence  of  coil  No.  1,  the  ends  of  the  one  being  joined, 
the  other  gave  no  shock. 

71.  The  experiments  were  further  varied  by  placing  hdix 
No.  2  within  a  hollow  cylinder  of  sheet  brass,  and  tbiy  again 
within  coil  No.  S  in  a  manner  similar  to  that  shown  in  fig.  13 
which  is  intended  to  illustrate  another  experiment.  In  this 
arrangement  the  neutralizing  action  was  exhibited^  as  in  the 
case  of  the  plate* 

72.  A  hollow  cylinder  of  iron  was  next  substituted  for  the 
one  of  brass,  and  with  this  also  no  shocks  could  be  obtained. 

73*  From  these  experiments  it  is  evident  that  the  neutral- 
ization takes  place  with  currents  in  the  interposed  or  adjoin- 
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ing  conductors  of  all  lengths  and  intensities,  and  therefore 
cannot,  as  it  appears  to  me,  be  referred  to  the  interference  of 
two  systems  of  vibrations. 

74.  This  part  of  the  investigation  was,  for  a  time,  given  up 
almost  in  despair,  and  it  was  not  until  new  light  had  been 
obtained  from  another  part  of  the  inquiry,  that  any  further 
advances  could  be  made  towards  a  solution  of  the  mystery. 

7^.  Before  proceeding  to  the  next  Section,  I  may  here 
state  that  the  phenomenon  mentioned,  paragraph  54,  in  refer- 
ence to  helix  No.  4,  is  connected  with  the  neutralizing  action. 
The  electrical  di^chaige  having  destroyed  the  insulation  at 
some  point,  a  part  of  the  spires  would  thus  form  a  shut  cir- 
cuit, and  the  induction  in  this  would  counteract  the  action  in 
the  other  part  of  the  helix ;  or,  in  other  words,  the  helix 
was  in  the  same  condition  as  the  two  helices  mentioned  in 
paragraph  70,  when  the  ends  of  the  wire  of  one  were  joined. 

76.  Also  the  same  principle  appears  to  have  an  important 
bearing  on  the  improvement  of  the  magneto-electrical  ma- 
chine :  since  the  plates  of  metal  which  sometimes  forms  the 
ends  of  the  spool  containing  the  wire,  must  necessarily 
diminish  the  action,  and  also  from  experiment  of  paragraph 
72  the  armature  itself  may  circulate  a  closed  current  which 
will  interfere  with  the  intensity  of  the  induction  in  the  sur- 
rounding wire.  I  am  inclined  to  believe  that  the  increased 
effect  observed  by  Sturgeon  and  Bachhoffher,  when  a  bundle 
of  wire  is  substituted  for  a  solid  piece  of  iron,  is  at  least  in  part 
due  to  the  interruption  of  these  currents.  I  hope  to  resume 
this  part  of  the  subject,  in  connexion  with  several  other 
points,  in  another  communication  to  the  Society. 

77*  The  results  given  in  this  Section  may,  at  first  sight, 
be  thought  at  variance  with  the  statements  of  Sir  H.  Davy, 
that  needles  could  !>•  magnetised  by  an  electrical  discharge 
with  conductors  interposed.  But  from  his  method  of  per- 
forming the  experiment,  it  is  evident  that  the  plate  of  metal 
was  placed  between  a  straight  conductor  and  the  needle.  The 
arrangement  was  therefore  similar  to  the  interrupted  circuit 
in  the  experiment  with  the  cut  plate  (62),  which  produces  no 
screening  effect.  Had  the  plate  been  curved  into  the  form 
of  a  hollow  cylinder,  with  the  two  ends  in  contact,  and  the 
needle  placed  within  this,  the  effect  would  have  been  other- 
wise. 

SBCTION    V. 

On  the  Production  and  Properties  of  induced  Currents  of 
the  Third,  Fourth,  and  Fifth  order. 

78.  The  fact  of  the  perfect  neutralization  of  the  primary 
current  by  a  secondary,  in  the  interposed  conductor,  led  me 
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to  conclude  that  if  the  latter  could  be  drawn  out,  or  separated 
from  the  influence  of  the  former,  it  would  itself  be  capable 
of  producing  a  new  induced  current  in  a  third  conductor. 

/9.  The  arrangement  exhibited  in  fig.  9,  furnishes  a  ready 
means  of  testing  this.  The  primary  current,  as  usual,  is 
passed  through  coil  No.  1,  while  coil  No.  2,  is  placed  o%'er 
this  to  receive  the  induction,  with  its  ends  joined  to  those  of 
coil  No.  3.  By  this  disposition  the  secondary  current  passes 
through  No.  3 ;  and  since  this  is  at  a  distance,  and  without 
the  influence  of*  the  primary,  its  separate  induction  will  be 
rendered  manifest  by  the  efiects  on  helix  No.  1.  When  the 
handles  a,  6,  are  grasped  a  powerful  shock  is  received,  proving 
the  induction  of  a  tertiary  current. 

80.  By  a  similar  but  more  extended  arrangement,  as  shown 
in  fig.  10,  shocks  were  received  from  currents  of  a  fourth  and 
fifth  order ;  and  with  a  more  powerful  primary  current,  and 
additional  coils,  a  still  greater  number  of  successive  induc- 
tions might  be  obtained. 

81.  The  induction  of  currents  of  different  orders,  of  suffi- 
cient intensity  to  give  shocks,  could  scarcely  have  been  anti- 
cipated from  our  previous  knowledge  of  the  subject.  The 
secondary  current  consists,  as  it  were,  of  a  single  wave  of 
the  natural  electricity  of  the  wire,  disturbed  but  for  an  in- 
stant by  the  induction  of  the  primary ;  yet  this  has  the  power 
of  inducing  another  current,  but  little  inferior  in  energy  to 
itself,  and  thus  produces  effects  apparently  much  greater  in 
proportion  to  the  quantity  of  electricity  in  motion  than  the 
primary  current. 

82.  Some  difference  may  be  conceived  to  exist  in  the 
action  of  the  induced  currents,  and  that  from  the  battery, 
since  they  are  apparently  different  in  nature ;  the  one  con- 
sisting, as  we  may  suppose,  of  a  single  impulse,  and  the  other 
of  a  succession  of  such  impulses,  or  a  continuous  action.  It 
was  therefore  important  to  investigate  the  properties  of  these 
currents,  and  to  compare  the  results  with  those  before  ob- 
tained. 

83.  First,  in  reference  to  the  intensity,  it  was  found  that 
with  the  small  battery  a  shock  could  be  given  from  the  cur- 
rent of  the  third  order  to  twenty-five  persons  joining  hands ; 
also  shocks  perceptible  in  the  arms  were  obtained  from  a 
current  of  the  fifth  order. 

84.  The  action  at  a  distance  was  also  much  greater  than 
could  have  been  anticipated.  In  one  experiment  shocks  from 
the  tertiary  current  were  distinctly  felt  through  the  tongue, 
when  helix  No.  1,  was  at  the  distance  of  eighteen  inches  abnove 
the  coil  transmitting  the  secondary  current. 
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85.  The  same  screening  effects  were  produced  by  the  in- 
terposition of  plates  of  metal  between  the  conductors  of  the 
different  orders,  as  those  which  have  been  described  in  refer-- 
enee  to  the  primary  and  secondary  currents. 

86.  Also  when  the  long  helix  is  placed  over  a  secondary 
current  generated  in  a  short  coil^  and  which  is  therefore,  as 
we  have  before  shown,  one  of  quantity,  a  tertiary  current  of 
intensity  is  produced* 

87*  Again,  when  the  intensity  current  of  the  last  experi- 
ment is  passed  through  a  second  helix,  and  another  coil  is 
placed  over  this,  a  quantity  current  is  again  produced.  There- 
fore in  the  case  of  these  currents,  as  in  that  of  the  primary, 
a  quantity  current  can  be  induced  from  one  of  intensity  y  and 
the  converse.  By  the  arrangement  of  the  apparatus  as  shown 
in  fig.  10,  these  different  results  are  exhibited  at  once.  The 
induction  from  coil  No.  3,  to  helix  No.  1,  produces  an  inten- 
sity current,  and  from  the  helix  No.  2  and  4,  a  quantity 
current. 

88.  If  the  ends  of  coil  No.  2,  as  in  the  arrangement  of  fig. 
9,  be  united  to  helix  No.  1,  instead  of  coil  No.  3,  no  shocks 
can  be  obtained ;  the  quantity  current  of  coil  No.  2,  appears 
not  to  be  of  sufficient  intensity  to  pass  through  the  wire  of 
the  long  helix. 

89.  Also,  no  shocks  can  be  obUdned  from  the  handles 
attached  to  helix  No.  2,  in  the  arrangement  exhibited  in  fig. 
11.  In  this  case  the  quantity  of  electricity  in  the  current 
from  the  helix  appears  to  be  too  small  to  produce  any  effect, 
unless  its  power  is  multiplied  by  passing  it  through  a  con- 
ductor of  many  spires. 

90.  The  next  inquiry  was  in  reference  to  the  direction  of 
these  currents,  and  this  appeared  important  in  connexion 
with  the  nature  of  the  action.  The  experiments  of  Dr. 
Faraday  would  render  it  probable,  that  at  the  beginning  and 
ending  of  the  secondary  current,  its  induction  on  an  adjacent 
wire  is  in  contrary  directions,  as  is  shown  to  be  the  case  in 
the  primary  current.  But  the  whole  action  of  a  secondary 
current  is  so  instantaneous,  that  the  inductive  effects  at  the 
beginning  and  ending  cannot  be  distinguished  from  each 
other,  and  we  can  only  observe  a  single  impulse,  which, 
however,  may  be  considered  as  the  difference  of  two  impulses 
in  opposite  directions. 

91.  The  first  experiment  happened  to  be  made  with  a 
current  of  the  fourth  order.  The  magnetizing  spiral  (11) 
was  attached  to  the  ends  of  coil  No.  4,  fig.  10,  and  by  the 
polarity  of  the  needle  it  was  found  that  this  current  was  in 
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the  same  direction  with  the  secondary  and  primary  currents.^ 
By  a  too  hasty  generalization,  I  was  led  to  conclude,  from 
this  experiment,  that  the  currents  of  all  orders  are  in  the 
same  direction  as  that  of  the  battery  current,  aiul  I  was  the 
more  confirmed  in  this  from  the  results  of  my  first  experi- 
ments on  the  currents  of  ordinary  electricity.  The  conclusion, 
however,  caused  me  much  useless  labour  and  perplexity,  and 
was  afterwards  proved  to  be  erroneous. 

dS^.  By  a  careful  repetition  of  the  last  experiment,  in 
reference  to  each  current,  the  important  fact  was  discovered, 
thali  here  exists  an  alternation  in  the  direction  of  the  currents 
of  the  several  orders,  commencing  with  the  secondary*  This 
result  was  so  extraordinary,  that  it  was  thought  necessary 
to  establish  it  by  a  variety  of  experiments.  For  this  purpose 
the  direction  was  determined  by  decomposition,  and  also  by 
the  galvanometer,  but  the  result  was  still  the  same ;  and  at 
this  stage  of  the  inquiry  I  was  compelled  to  the  conclusion 
that  the  directions  of  the  several  currents  were  as  follows : 

Primary  current, 4- 

Secondary  current, 4- 

Current  of  the  third  order,  .  •  •  — 
Current  of  the  fourth  order,  .  ,  .  4- 
Current  of  the  fifth  order,       .    .     .     — 

93.  In  the  first  glance  at  the  above  table,  we  are  struck 
with  the  fact  that  the  law  of  alternation  is  complete,  except 
between  the  primary  and  secondary  currents,  and  it  appeared 
that  this  exception  might  possibly  be  connected  with  the 
induced  current  which  takes  place  in  the  first  coil  itself,  and 
which  gives  rise  to  the  phenomena  of  the  spiral  conductor. 
If  this  should  be  found  to  be  minusy  we  might  consider  it  as 
existing  between  the  primary  and  secondary,  and  the  anomaly 
would  thus  disappear.  Arrangements  were  therefore  madie 
to  fully  satisfy  myself  on  this  point.  For  this  purpose  the 
decomposition  of  dilute  acid  and  the  use  of  the  galvanometer 
were  resorted  to,  by  placing  the  apparatus  between  the  ends 
of  a  cross  wire  attached  to  the  extremities  of  the  coil,  as  in 
the  .arrangement  described  by  Dr.  Faraday  (ninth  series); 
but  all  the  results  persisted  in  giving  a  direction  to  this  cur- 
rent the  same  as  stated  by  Dr.  Faraday,  namely,  that  of  the 

*  It  should  be  reooUeded  that  all  the  induoUous  which  have  be^ 
mentioned  were  produced  at  the  moment  of  breaking  the  circuit  of 
the  battery  current.  The  loduction  at  the  formation  of  the  current 
is  too  feeble  to  produce  the  efibcts  described. 
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primary  current.  I  was  therefore  obliged  to  abandon  the 
supposition  that  the  anomaly  in  the  change  of  the  current.is 
connected  with  the  induction  of  the  battery  current  on  itself.* 

94.  Whatever  may  be  the  nature  or  causes  of  these  changes 
in  the  direction,  they  offer  a  ready  explanation  of  the 
neutralizing  action  of  the  plate  interposed  between  two  con- 
ductors, since  a  secondary  current  is  induced  in  the  plate ; 
and  although  the  action  of  this,  as  has  been  shown,  is  in  the 
same  direction  as  the  current  from  the  battery,  yet  it  tends 
to  induce  a  current  in  the  adjacent  conducting  matter  of  a 
contrary  direction.  The  same  explanation  is  also  applicable 
to  all  the  other  cases  of  neutralization,  even  to  those  which 
take  place  between  the  conductors  of  the  several  orders  of 
currents. 

95.  The  same  principle  explains  some  effects  noted  in 
reference  to  the  induction  of  a  current  on  itself.  If  a  flat 
coil  be  connected  with  the  battery,  of  course  sparks  will  be 
produced  by  the  induction,  at  each  rupture  of  the  circuit, 
but  if  in  this  condition  another  flat  coil,  with  its  ends  joined, 
be  placed  on  the  first  coil,  the  intensity  of  the  shock  is  much 
diminished,  and  when  the  several  spires  of  the  two  coils  are 
mutually  interposed  by  winding  tne  two  ribands  together 
into  one  coil,  the  sparlu  entirely  disappear  in  the  coil  trans- 
mitting the  battery  current,  when  the  ends  of  the  other  are 
joined.  To  underetand  this,  it  is  only  necessary  to  mention 
that  the  induced  current  in  the  first  coil  is  a  true  secondary 
current,  and  it  is  therefore  neutralized  by  the  action  of  the 
secondary  in  the  adjoining  conductor ;  since  this  tends  to 
produce  a  current  in  the  opposite  direction. 

96.  It  would  also  appear  from  the  perfect  neutralization 
which  ensues  in  the  arrangement  of  the  last  paragraph,  that 
the  induced  current  in  the  adjoining  conductor  is  more 
powerful  than  that  of  the  first  conductor;  and  we  can  easily 
see  how  this  may  be.  The  two  ends  of  the  second  coil  are 
joined,  and  it  thus  forms  a  perfect  meUdlic  circuit;  while  the 
circuit  of  the  other  coil  may  be  considered  as  partially 
interrupted,  since  to  render  the  spark  visible  the  electricity 
must  be  projected,  as  it  were,  through  a  small  distance  of 
air. 

97*  We  would  also  infer  that  two  contiguous  secondary 
currents  produced  by  the  same  induction,  would  partially 
counteract  each  other.  Moving  in  the  same  direction,  they 
would  each  tend  to  induce  a  current  in  the  other  of  an 
opposite  direction.  This  is  illustrated  by  the  following 
experiment :  helix  No«  1  and  2  were  placed  together,  but  not 

*  Our  theory,  as  given  in  Vol.  I.  of  these  Annals,  fiiUy  ezphdns 
the  whole  phenomena.    Edit. 
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united,  above  coil  No.  1,  so  that  they  each  might  receive  the 
induction ;  the  larger  was  then  gradually  removed  to  a 
greater  distance  from  the  coil,  until  the  intensity  of  the  shock 
from  each  was  about  the  same.  When  the  ends  of  the  two 
were  united,  so  that  the  shock  would  pass  through  the  body 
from  the  two  together,  the  effect  was  apparently  less  than 
with  one  helix  alone.  The  result,  however,  was  not  as  satis- 
factory as  in  the  case  of  the  other  experiments ;  a  slight  dif- 
ference in  the  intensity  of  two  shocks  could  not  be  appre- 
ciated with  perfect  certainty. 

BBCTION   VI. 

The  production  o/indticed  Currents  of  the  different  Orders 
from  ordinary  Electricity, 

98.  Dr.  Faraday,  in  the  ninth  series  of  his  researches,  remarks 
that  "  the  effect  produced  at  the  commencement  and  the  end 
of  a  current  (which  are  separated  by  an  interval  of  time  when 
that  current  is  supplied  from  a  voltaic  apparatus)  must  occur 
at  the  same  moment  when  a  common  electrical  discbarge  is 
passed  through  a  long  wire.  Whether  if  it  happen  accurately 
at  the  same  moment  they  would  entirely  neutralize  each 
other,  or  whether  they  would  not  still  give  some  definite 
peculiarity  to  the  discharge,  is  a  matter  remaining  to  be 
examined." 

99.  The  discovery  of  the  fact  that  the  secondary  current, 
which  exists  but  for  a  moment,  could  induce  another  current 
of  considerable  energy,  gave  some  indication  that  similar 
effects  might  be  produced  by  a  discharge  of  ordinary  elec- 
tricity, provided  a  sufficiently  perfect  insulation  could  be 
obtained. 

100.  To  test  this  a  hollow  glass  cylinder,  fig.  12,  of  about 
six  inches  in  diameter,  was  prepared  with  a  narrow  riband 
of  tinfoil,  about  thirty  feet  louj^,  pasted  spirally  around  the 
outside,  and  a  similar  riband  oi  the  same  length,  pasted  on 
the  inside;  so  that  the  corresponding  spires  of  the  two  were 
directly  opposite  each  other.  The  ends  of  the  inner  spiral 
passed  out  of  the  cylinder  through  a  glass  tube,  to  prevent 
all  direct  communication  between  the  two.  When  the  ends 
of  the  inner  riband  were  joined  by  the  magnetizing  spiral 
(11),  containing  a  needle,  and  a  discharge  from  a  half  gallon 
jar  sent  through  the  outer  riband,  the  needle  was  strongly 
magnetized  in  such  a  manner  as  to  indicate  an  induced  cur* 
rent  through  the  inner  riband  in  the  same  direction  iw  that 
of  the  current  of  the  Jar.  This  experiment  was  repeated 
many  times^  and  always  with  the  same  result. 
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101.  When  the  ends  of  one  of  the  ribands  were  placed  very 
nearly  in  contact,  a  small  spark  was  perceived  at  the  open- 
ing, the  moment  the  discharge  took  place  through  the  other 
rit^nd. 

102.  When  the  ends  of  the  same  riband  were  separated  to 
a  considerable  distance,  a  larger  spark  than  the  last  could 
be  drawn  from  each  end  by  presenting  a  ball  or  the  knuckle. 

103.  Also  if  the  ends  of  the  outer  riband  were  united,  so 
as  to  form  a  perfect  metallic  circuit,  a  spark  could  be  drawn 
from  any  point  of  the  same,  when  a  discharge  was  sent 
through  the  inner  riband. 

104.  The  sparks  in  the  two  last  experiments  are  evidently 
due  to  the  action  known  in  ordinary  electricity  by  the  name 
of  the  lateral  discharge.  To  render  this  clear,  it  is  perhaps 
necessary  to  recall  the  well  known  fact,  that  when  the  knob 
of  a  jar  is  electrified  positively,  and  the  outer  coating  in 
connexion  with  the  earth,  then  the  jar  contains  a  small  ex- 
cess of  positive  electricity  beyond  what  is  necessary  to  per- 
fectly neutralize  the  negative  surface.  If  the  knob  be  put  in 
communication  with  the  earth,  the  extra  quantity,  or  the 
free  electricity,  as  it  is  sometimes  called,  will  be  on  the  ne- 
gative side.  When  the  discharge  took  place  in  the  above 
experiments,  the  inner  riband  became  for  an  instant  charged 
with  this  free  electricity,  and  consequently  threw  off  from 
the  outer  riband,  by  ordinary  induction,  the  sparks  described. 
It  therefore  became  a  question  of  importance  to  determine, 
whether  the  induced  current  described  in  paragraph  100  was 
not  also  a  result  of  the  lateral  discharge,  instead  of  being  a 
true  case  of  a  secondary  current  analogous  to  those  produced 
from  galvanism.  For  this  purpose  the  jar  was  charged^  first 
with  the  outer  coating  in  connexion  with  the  earth,  and  again 
with  the  knob  in  connexion  with  the  same,  so  that  the  extra 
quantity  might  be  in  the  one  c^seplus  and  in  the  other  minus  i 
but  the  direction  of  the  induced  current  was  not  affected  by 
these  changes;  it  was  always  the  same^  namely,  from  the 
positive  to  the  negative  side  of  the  jar. 

105,  When,  however,  the  quantity  of  free  electricity  was 
increased,  by  connecting  the  knob  of  the  jar  with  a  globe 
about  a  foot  in  diameter,  the  intensity  of  magnetism  appeared 
to  be  somewhat  diminished,  if  the  extra  quantity  was  on  the 
negative  side;  and  this  might  be  expected,  since  the  free 
electricity,  in  its  escape  to  the  earth  through  the  riband,  in 
this  case  would  tend  to  induce  a  feeble  current  in  the  oppo- 
site direction  to  that  of  the  jar. 

106.  The  spark  from  an  insulated  conductor  may  be  con- 
sidered as  consisting  almost  entirely  of  this  free  or  extra 
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electricity,  and  it  was  found  that  this  was  also  capable  of 
producing  an  induced  current,  precisely  the  same  as  that 
from  the  jar.  In  the  experiment  which  gave  this  result,  one 
end  of  the  outer  riband  of  the  cylinder  (lOOJ  was  connected 
with  the  earth,  and  the  other  caused  to  receive  a  spark  from 
a  conductor  fourteen  feet  long,  and  nearly  a  foot  in  diameter. 
The  direction  of  the  induced  current  was  the  same  as  that  of 
the  Bgark  from  the  conductor. 

10/.  From  these  experiments  it  appears  evident  that  the 
discharge  from  the  Ley  den  jar  possesses  the  property  of 
inducing  a  secondary  current  precisely  the  same  as  the  gal- 
vanic apparatus,  and  also  that  this  induction  is  only  so  far 
connected  with  the  phenomenon  of  the  lateral  discharge  as 
this  latter  partakes  of  the  nature  of  an  ordinary  electrical 
current. 

108.  Experiments  were  next  made  in  reference  to  the  pro- 
duction of  currents  of  the  dififerent  orders  by  ordinary  elec- 
tricity. For  this  purpose  a  second  cylinder  was  prepared 
with  ribands  of  tintoil,  in  a  similar  manner  to  the  one  before 
described.  The  two  were  then  so  connected  that  the 
secondary  current  from  the  first  would  circulate  around  the 
second*  When  a  discharge  was  passed  through  the  outer 
riband  of  the  first  cylinder,  a  tertiary  current  was  induced  in 
the  inner  riband  of  the  second.  This  was  rendered  manifest 
by  the  magnetizing  of  a  needle  in  a  spiral  joining  the  ends 
of  the  last  mentioned  riband. 

109.  Also  by  the  addition,  in  the  same  way,  of  a  third 
cylinder^  a  current  of  the  fourth  order  was  developed.  The 
same  result  was  likewise  obtained  by  using  the  arrangement 
of  the  coils  and  helices  shown  in  fig.  10.  For  these  experi- 
ments^ however,  the  coils  were  furnished  with  a  double 
coating  of  silk,  and  the  contiguous  conductors  separated  by 
a  large  plate  of  glass. 

110.  Screening  effects  precisely  the  same  as  those  ex- 
hibited in  the  action  of  galvanism  were  produced  by  inter- 
posing a  plate  of  metal  l^tween  the  conductors  of  different 
orders,  figs.  9  and  10.  The  precaution  was  taken  to  place 
the  plate  between  two  frames  of  glass,  in  order  to  be  assured 
that  the  effect  was  not  due  to  a  want  of  perfect  insulation. 

111.  Also  analogous  results  were  found  when  the  experi- 
ments were  made  with  coils  interposed  instead  of  plates,  as 
described  in  paragraph  68.  When  the  ends  of  the  interposed 
coils  were  separated,  no  screening  was  observed,  but  when 
joined,  the  effect  was  produced.  The  existence  of  the 
induced  current,  in  all  these  experiments,  was  determined 
by  the  magnetism  of  a  needle  in  a  spiral  attached  to  one  of 
the  coils. 
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1  ]2.  Likewise  shocks  were  obtained  from  the  secondary 
current  by  an  arrangement  shown  in  fig.  13.  Helices  No.  § 
and  No.  3  united  are  put  mthin  a  glass  jar,  and  coil  No.  2  is 
placed  around  the  same.  When  the  handlet  are  grasped,  a 
shock  18  felt  at  the  moment  of  the  dischai^,  through  the 
outer  coil.  The  shocks,  however,  were  very  different  in 
intensity  with  different  discharges  from  the  jar.  In  some 
cases  no  shock  was  received,  when  again  with  a  less  charge, 
a  severe  one  was  obtained.  But  there  irregularities  find  an 
ezphnation  in  a  subsequent  part  of  the  investigation. 

1 13.  In  all  these  experiments,  the  results  with  ordinary 
and  galvanic  electricity  are  similar.  But  at  this  stage  of  the 
investigation  there  appeared  what  at  first  was  considered  a 
remarkable  difference  m  the  action  of  the  two.  I  allude  to 
the  direction  of  the  currents  of  the  different  orders.  These, 
in  the  experiments  with  the  glass  cylinders,  instead  of 
exhibiting  the  alternations  of  the  galvanic  currents  (92),  were 
idl  in  the  same  direction  as  the  discharge  from  the  jar,  or,  in 
other  words,  they  were  all  plus. 

114.  To  discover,  if  possible,  the  cause  of  this  difference, 
a  series  of  experiments  was  instituted]  but  the  first  feet 
developed,  instead  of  affdrdii^  any  new  light,  seemed  to 
render  the  obscurity  more  profound.  When  the  directions 
of  the  currents  were  taken  in  the  arrangement  of  the  coils 
(fig.  10)  the  discrepancy  vanished.  Alternations  were  found 
the  same  as  in  the  case  of  gcdvanism.  This  result  was  so 
extraordinary  that  the  experiments  were  many  times  repeated, 
first  with  the  glass  cylinders,  and  then  with  the  coils;  the 
results,  however,  were  always  the  same.  The  cylinders  gave 
currents  all  in  one  direction ;  the  coils  in  alternate  directions. 

115.  After  various  hypotheses  had  been  formed,  and  in 
succession  disproved  by  experiment,  the  idea  occurred  to  me 
that  the  direction  of  the  currents  might  depend  on  the 
distance  of  the  conductors,  and  this  appeared  to  be  the  only 
difference  existing  in  the  arrangement  of  the  experiments 
with  the  coils  and  the  cylinders.*  In  the  former  the  dis- 
tance between  the  ribands  was  nearly  one  inch  and  a  half, 
while  in  the  latter  it  was  only  the  thickness  of  the  glass,  or 
about  Virth  of  an  inch. 

116.  In  order  to  test  this  idea,  two  narrow  slips  of  tinfoil, 
about  twelve  feet  long,  were  stretched  parallel  to  each  other, 
and  separated  by  thin  plates  of  mica  to  the  distance  of  about 

*  This  idea  was  not  immediately  adopted,  because  I  had  pre- 
viously experimented  on  the  direction  of  the  secondary  current 
fipom  galvanism,  and  found  no  change  in  reference  to  distance. 
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yVth  of  an  inch.  When  a  discharge  from  the  half  gallon  jar 
was  passed  through  one  of  these,  an  induced  current  in  the 
same  direction  was  obtained  from  die  other.  The  ribands 
were  then  separated,  by  plates  of  glass,  to  the  distance  of 
VT>th  of  an  inch;  the  current  was  still  in  the  same  direction, 
or  plus.  When  the  distance  was  increased  to  about  ith  of 
an  inch,  no  induced  current  could  be  obtained ;  and  when 
they  were  ntill  further  separated  the  current  again  appeared, 
but  was  now  found  to  have  a  different  direcliony  or  to  be 
minus.  No  other  change  was  observed  in  the  direction  of 
the  cur'ltent ;  the  intensity  of  the  induction  decreased  as  the 
ribands  were  separated.  The  existence  and  direction  of  the 
current,  in  this  experiment,  were  determined  by  the  polarity 
of  the  needle  in  the  spiral  attached  to  the  ends  of  one  of  the 
ribands. 

i  17*  The  question  at  this  time  arose,  whether  the  direction 
of  the  current,  as  indicated  by  the  polarity  of  the  needle, 
was  the  true  one,  since  the  magnetizing  spiral  might  itself, 
in  some  cases,  induce  an  opposite  current.  To  satisfy  myself 
on  this  point  a  series  of  charges,  of  various  intensity  and 
quantity,  from  a  single  spark  of  the  large  conductor  to  the 
ftiU  charge  of  nine  jars,  were  passed  through  the  small  spiral, 
which  had  been  used  in  all  the  experiments,  but  they  all 
gave  the  same  polarity.  The  interior  of  this  spiral  is  so  small, 
that  the  needle  is  throughout  in  contact  with  the  wire. 

118.  The  fact  of  a  change  in  the  direction  of  the  induced 
current  by  a  change  in  the  distance  of  the  conductors,  being 
thus  established,  a  great  number  and  variety  of  experiments 
were  made  to  determine  the  other  conditions  on  which  the 
change  depends.  These  were  sought  for  in  a  variation  of 
the  intensity  and  quantity  of  the  primary  discharge,  in  the 
length  and  thickness  of  the  wire,  and  in  the  form  of  the 
circuit.  The  results  were,  however,  in  many  cases,  anoma- 
lous, and  are  not  sufficiently  definite  to  be  placed  in  detail 
before  the  Society.  I  hope  to  resume  the  investigation  at 
another  time,  and  will  therefore  at  present  briefly  state  only 
those  general  facts  which  appear  well  established. 

119.  With  a  single  half  gallon  jar,  and  the  conductors  se- 
parated to  a  distance  less  than  Virth  of  an  inch,  the  induced 
current  is  always  in  the  same  direction  as  the  primary.  But 
when  the  conductors  are  gradually  separated,  there  is  always 
found  a  distance  at  which  the  current  begins  to  change  its 
direction.  This  distance  depends  certainly  on  the  amount  of 
the  discharge,  and  probably  on  the  intensity ;  and  also  on 
the  length  and  thickness  of  the  conductors.  With  a  battery 
of  eight  half  gallon  jars,  and  parallel  wires  of  about  ten  feet 
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long,  the  change  in  the  direction  did  not  take  place  at  a  less 
distance  than  from  twelve  to  fifteen  inches,  and  with  a  still 
larger  battery  and  longer  conductors,  no  change  was  found, 
although  the  induction  was  produced  at  the  distance  of  several 
feet. 

120.  The  facts  given  in  the  last  paragraph,  relate  to  the 
inductive  action  of  the  primary  current ;  but  it  appears  from 
the  results  detailed  in  paragraphs  110  and  114,  that  the 
currents  of  all  the  other  orders  also  change  the  direction  of 
the  inductive  influence  with  a  change  of  the  distance.  In 
these  cases  however,  the  change  always  takes  place  at  a  very 
small  distance  from  the  conducting  wire;  and  in  this  respect 
the  result  is  similar  to  the  effect  of  a  primary  current  from 
the  discharge  of  a  small  jar. 

121.  The  most  important  experiments,  in  reference  to 
distance,  were  made  in  the  lecture  room  of  my  respected 
friend,  Dr.  Hare,  of  Philadelphia,  with  the  splendid  electri- 
cal apparatus  described  in  the  Fifth  volume  (new  series)  of 
the  Transactions  of  this  Society.  The  battery  consists  of 
thirty-two  jars>  each  of  the  capacity  of  a  gallon.  A  thick 
copper  wire  of  about  rVth  of  an  inch  in  diameter  and  eighty 
feet  in  length,  was  stretched  across  the  lecture  room,  and  its 
ends  brought  to  the  battery,  so  as  to  form  a  trapezium,  the 
longer  side  of  which  was  about  thirty-five  feet.  Along  this 
side  a  wire  was  stretched  of  the  ordinary  bell  size,  and  the 
extreme  ends  of  this  joined  by  a  spiral,  similar  to  the  ar- 
rangement shown  in  fig.  14.  The  two  wires  were  at  first 
placed  within  the  distance  of  about  an  inch,  and  afterwards 
constantly  separated  after  each  discharge  of  the  whole  battery 
through  the  thick  wire.  When  a  break  was  made  in  the  se- 
cond wire  at  a,  no  magnetism  was  developed  in  a  needle  in 
the  spiral  at  6,  but  when  the  circuit  was  complete,  the  nee- 
dle at  each  discharge  indicated  a  current  in  the  same  direc- 
tion as  that  of  the  battery.  When  the  distance  of  the  two 
wires  was  increased  to  sixteen  inches,  and  the  ends  of  the 
second  wire  placed  in  two  glasses  of  mercury,  and  a  finger  of 
each  hand  plunged  into  the  metal,  a  shock  was  received. 
The  direction  of  the  current  was  still  the  same,  but  the  mag- 
netism not  as  strong  as  at  a  less  distance. 

122.  The  second  wire  was  next  arranged  around  the  other, 
so  as  to  enclose  it.  The  magnetism  by  this  arrangement 
appeared  stronger  than  with  the  last ;  the  direction  of  the 
current  was  still  the  same,  and  continued  thus,  until  the  two 
wires  were  at  every  point  separated  to  the  distance  of  twelve 
feet,  except  in  one  place  where  they  were  obli«^ed  to  be 
crossed  at  the  distance  of  seven  feet,  but  here  the  wires  were 

Vol.  lY.—^o,  22,  January,  1840.  Y 


Digiti 


zed  by  Google 


306        Prof.  Henry,  on  Electricihj  and  Magnetism. 

made  to  form  a  right  Ahgle  with  each  other,  and  the  effect  of 
the  approximation  was  therefore  (46)  considered  as  nothing. 
The  needle  at  this  surprising  divStance  was  tolerably  strongly 
magnetized,  as  was  shown  by  the  quantity  of  filings  which 
would  adhere  to  it.  The  direction  of  the  current  was  titill 
the  same  as  that  of  the  battery.  The  form  of  the  room  did 
liot  permit  the  two  wires  to  be  separated  to  a  greater  distance. 
The  whole  length  of  the  circuit  of  the  interior  large  wire  wad 
about  eighty  feet;  that  of  the  exterior  oi^e  hundred  and 
twenty.  The  two  were  not  in  the  same  plane,  and  a  part  of 
the  outer  passed  through  a  small  adjoining  room. 

123.  The  results  exhibited  in  this  experiment  ar6  such  as 
could  scarcely  have  been  anticipated  by  our  previous  know* 
ledge  of  the  electrical  discharge.  They  evince  a  remarkable 
inductive  energy,  which  has  not  before  been  distinctly  r^og- 
tiized,  but  which  must  perform  an  important  part  in  the 
discharge  of  electricity  from  the  clouds*  Some  effects  which 
have  been  observed  during  thunder  storms,  appear  to  be  due 
to  an  action  of  this  kind. 

124.  Since  a  discharge  of  ordinary  electricity  produces  a 
secondary  current  in  an  adjoining  wire,  it  should  aho  produce 
an  analagous  effect  in  its  Own  wire ;  and  to  this  cau^  may  be 
how  t*eferred  the  peculiar  action  of  a  long  conductor*  It  is 
Well  known  that  the  spark  from  a  very  long  wire^  Blthoajgh 
quite  short,  is  remarkably  pungent.  I  was  so  fortunate  as 
to  witness  a  very  interesting  exhibition  of  this  action  during 
some  experiments  on  atmospheric  electricity  made  l)y  a  com^- 
mittee  of  the  Franklin  Institute,  in  1836.  Two  kites  were 
attached  one  above  the  other,  and  raised  with  a  small  iron 
^vire  in  place  of  a  string.  On  the  occasion  at  whSch  I  wa^ 
J)resent,  the  tvire  was  extended  by  the  kites  to  the  length  of 
about  one  hiile.  The  day  was  perfectly  clear,  ydt  the  sparks 
from  the  wire  had  so  nnlch  pnijectile  force  (to  usea  convenient 
'expression  of  Dr.  Hare)  that  fifteeii  persdns  joining  handb 
and  standing  on  the  ground,  received  the  shock  at  once,  when 
the  first  person  of  the  series  touched  the  wire.  A  I-<eyden 
jar  being  grasped  in  the  hand  by  the  outer  coating,  and  the 
knob  presented  to  the  wire,  a  severe  shock  Viras  received,  as 
if  by  a  perforation  of  the  glass,  but  which  was  found  to  be 
the  result  of  the  sudden  and  intense  induction. 

125.  These  effects  were  evidently  not  due  to  tbe  accumu«- 
lated  intensity  at  the  extremities  of  the  wire,  on  the  principles 
of  ordinary  electrical  distribution,  since  the  knuckle  required 
to  be  brought  within  a1)out  a  quarter  of  an  inch  before  the 
spark  could  be  received.  It  was  not  alone  the  quantity,  since 
the  experiments  of  Wilson  prove  that  the  same  effect  is  not 
produced  with  an  equal  anloUnt  of  electricity  on  the  surface 
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cf  a  large  conductor.  It  appears  evidently  therefore  a  case 
of  the  iaducti(m  of  an  electriod  current  on  itself.  The  wire 
is  charged  with  a  considerable  quantity  of  feeble  electricity, 
which  passes  off  in  the  form  of  a  current  along  its  whole 
length,  and  thus  the  induction  takes  place  at  the  end  of  the 
discharge,  as  in  the  case  of  a  long  wire  ttansmittiag  a  current 
of  galvanism. 

126.  It  is  well  known  that  the  diaehaij;e  from  an  electrical 
battery  possesses  gresit  dtvettent  powers;  that  it  entirely 
separat^  in  many  instances,  the  particles  of  the  body  through 
which  it  passes.  This  Coree  acta,  in  part,  at  least,  in  Ae 
direction  ol  the  line  of  the  dischaifpe,  and  appears  to  be 
analogous  to  the  repulsive  action  discovered  by  Ampere,  in 
the  consecutive  parts  of  the  same  galvaoic  current.  To  ilius- 
trate  this,  paste  on  a  piece  of  glass  a  narrow  sKp  of  tinfool, 
cut  it  through  at  several  points,  and  loosen  the  ends  from 
the  glass  at  the  places  so  cut.  Pass  a  discharge  through  the 
ttofoil  from  about  nine  half  gaUon  jars ;  the  ends,  at  each 
separation,  will  he  thrown  up,  and  sometimes  bent  entirely 
back,  as  if  by  the  aetion  of  a  strong  repulsive  force  between 
them.  TUs  will  be  understood  by  a  merence  to  fig.  14;  the 
ends  are  shown  bent  back  at  a,  a,  a,  a.  In  t|ie  popular  ex- 
periment of  the  pierced  card,  the  bur  on  each  side  appearsto 
be  due  to  an  action  of  the  same  kind.* 

127-  It  now  appears  probable,  from  the  facts  given  j^n 
pan^graphs  119  ana  120,  that  the  table  in  paragraph  92  is 
only  an  approximation  to  the  truth,  and  Ibat  each  current 
from  galvanism,  as  well  as  from  electricity,  first  produces  an 
inductive  action  in  the  direction  of  itself,  and  that  the  inverse 
influence  takes  place  at  a  tittle  distance  from  the  wire. 

128.  To  test  this  the  compound  heKx  was  placed  on  coil 
No.  1,  to  receive  the  induction,  and  its  ends  joined  to  those 
of  the  outer  riband  of  tinfoil  of  the  glass  cylinder,  while  the 
magnetising  spiral  was  attached  to  the  ends  of  the  inner 
riband.  A  feeble  tertiary  current  was  produced  by  this 
arrangement,  which  in  two  cases  gave  a  {udarity  to  the  needle 
indicating  a  direction  the  same  as  that  of  jthe  primary  cur- 
rent. In  other  casesthe  magnetism  was  either  imperceptible 
or  wmius.  With  an  arrangement  of  two  coik  of  wires  around 
two  glass  cylinders,  jooe  within  the  other,  the  same  effect 
was  produoed.  The  fW^eti^NmNiasJess  Jwben  4be  distance 
of  the  two  seU  of  spires  was  smaller,  indicating,  as  it  would 

*  We  (have  witnessed  Ihis  fact  many  years  since  in  our  strips  of 
tin  foil  (orprotecttt^g  jam ;  Vol.  II.  p.  86.  Evea  when  these  strips 
are  laid  oiwer  the  im  of  the  lining,  more  than  an  inch,  they  are 
sometinaes  blown  off,  and  much  perforated.     Edit. 
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appear,  an  approximation  to  a  position  of  neutrality.  These 
results  are  rather  of  a  negative  kind,  yet  they  appear  to  indi- 
cate the  same  change  with  distance  in  the  case  of  the  galvanic 
currents,  as  in  that  of  the  discharge  of  ordinary  electricity. 
The  distance  however  at  which  the  cbaage  takes  place  would 
seem  to  be  less  in  the  former  than  in  the  latter. 

129.  There  id  a  perfect  analogy  between  the  inductive 
action  of  the  primary  current  from  the  galvanic  apparatus 
and  of  that  from  the  larger  electrical  battery.  The  point  of 
change,  in  each,  appears  to  be  at  a  great  distance. 

130.  The  neutralizing  effect  described  in  Section  IV.  may 
now  be  more  definitely  explained  by  saying  that  when  a  third 
conductor  is  acted  on  at  the  same  time  by  a  primary  and 
secondary  current  (unless  it  be  very  near  the  second  wire)  it 
will  fall  into  the  region  of  the  plus  influence  of  the  former, 
and  into  that  of  the  minus  influence  of  the  latter;  and  hence 
no  induction  will  be  produced. 

131.  This  will  be  rendered  perfectly  clear  by  fig.  A,  in 

_.       .  which  a  represents  the  con- 

''*8'  ^  ductor  of  the  primary  cur- 

+  .  ^    rent,  6thatof thesecondary, 

^  and  c  the  third  conductor. 

4-  "^  ■  b   The  characters  +  +  +,&c. 

+  "J^  beginning  at  the  middle  of 

Q  "^  —  the  first  conductor  and  ex- 

H tending  downwards,  repre- 

-I sent  the  constant  plus  in- 

I fluence  of  the  primary  cur- 

rent,  and  those  +0 , 

&c.,  beginning  at  the  second  conductor,  indicate  its  inductive 
influence  as  changing  with  the  distance.  The  third  conductor, 
as  is  shown  by  the  figure,  falls  in  the  plus  region  of  the 
primary  current,  and  in  the  minus  region  of  the  secondary, 
and  hence  the  two  actions  neutralize  each  other,  and  no  appa- 
rent result  is  produced. 

132.  Fig.  B  indicates  the  method  in  which  the  neutralizing 

p.     g  eflfect  is   produced  in  the 

^*  case  of  the  secondary  and 

+                   _|.  *    tertiary  currents.  The  Mdre 

o  conducting   the  secondary 


—  4- 


current  is  represented  by  A, 
^  that  conducting  the  tertiary 


^    by  c,  and  the  other  wire,  to 

h  receive  the  induction  from 

1-  these,  by  rf,     The  direction 

I  of  the  influence,  as  before, 

is  indicated  by  -f  0 , 
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&c.,  and  the  third  wire  is  again  seen  to  be  in  the  plus  region 
of  the  one  current,  and  in  the  minus  of  the  other.  If,  however, 
d  is  placed  sufficiently  near  c,  then  neutralization  will  not 
take  place,  but  the  two  currents  will  conspire  to  produce  in 
it  an  induction  in  the  same  direction.  A  similar  enect  would 
also  be  produced  were  the  wire  r,  in  fig.  A,  placed  sufficiently 
near  the  conductor  b, 

133.  Currents  of  the  several  orders  were  likewise  produced 
from  the  excitation  of  the  magneto-electrical  machine.  The 
same  neutralizing  effects  were  observed  between  these  as  in 
the  case  of  the  currents  from  the  galvanic  battery,  and  hence 
we  may  infer  that  also  the  same  alternations  take  place  in  the 
direction  of  the  several  currents. 

134.  In  conclusion,  I  may  perhaps  be  allowed  to  state, 
that  the  facts  here  presented  have  been  deduced  from  a 
laborious  series  of  experiments,  and  are  considered  as  form- 
ing some  addition  to  our  knowledge  of  electricity,  indepen- 
dently of  any  theoretical  considerations.  They  appear  to  b^ 
intimately  connected  with  various  phenomena,  which  have 
been  known  for  some  years,  but  which  have  not  been  referred 
to  any  general  law  of  action.  Of  this  class  are  the  discoveries 
of  Savary,  on  the  alternate  magnetism  of  steel  needles,  placed 
at  different  distances  from  the  line  of  a  discharge  of  ordinal^ 
electricity,*  and  also  the  magnetic,  screening  influence  of  all 
metals,  discovered  by  Dr.  Snow  Harris,  of  Plymouth.f  A 
comparative  study  of  the  phenomena  observed  by  these  dis- 
tinguished savantSf  and  those  given  in  this  paper,  would 
probably  lead  to  some  new  and  important  developments. 
Indeed  every  part  of  the  subject  of  electro- dynamic  induc- 
tion appears  to  open  a  field  for  discovery,  which  experimental 
industry  cannot  fail  to  cultivate  with  immediate  success. 


NOTE. 

On  the  evening  of  the  meeting  at  which  my  investigations 
were  presented  to  the  Society,  my  friend.  Dr.  Bache  of  the 
Girard  College,  gave  an  account  of  the  investigations  of 
Professor  Ettingshausen,  of  Vienna,  in  reference  to  the 
improvement  of  the  magneto-electric  machine,  some  of  the 
results  of  which  he  had  witnessed  at  the  University  of  Vienna 
about  a  year  since.  No  published  account  of  these  experi- 
ments has  yet  reached  this  country,  but  it  appears  that 
Professor  Ettingshausen  had  been  led  to  suspect  the  develop- 


*  Annales  de  Chimie  et  de  Physique,  18^. 
f  Philoeophical  Transactionsi  1831. 


Digitized  by  VjOOQ IC 


310  Mr.  Harris^  on  Lightning  Conduotari. 

ment  of  a  current  in  the  metal  of  the  keeper  of  the  magneto- 
dectric  machine,  which  diminished  the  effect  of  the  current 
in  the  Coil  about  the  keeper^  and  hence  to  separate  the  coil 
from  the  keeper  by  a  ring  of  wood  of  some  thickness,  and 
afterwards,  to  prevent  entirely  the  circulation  of  currents  in 
the  keeper,  by  dividing  it  into  segments,  and  separating  them 
by  a  non-conducting  material.  I  am  not  aware  of  the  result 
of  this  last  device,  nor  whether  the  mechanical  difficulties  in 
its  execution  were  fully  overcome.  It  gives  me  pleasure  to 
learn  that  the  improvements,  which  I  have  merely  suggested 
as  deductions  from  the  principles  of  the  interference  of 
induced  currents  (76) 5  should  be  in  accordance  with  the 
experimental  conclusions  of  the  above  named  philosopher. 


XXXIX.  On  Lightnins  Conductors^  and  on  certain 
Principles  in  Electrical  Science  ;  being  an  investigation 
of  Mr.  Sturseon^s  Experimental  and  Theoretical  Re- 
searches in  Electricity,  published  by  him  in  the  "jinnals 
of  Electricity ;'  Sfc.    By  W.  Snow  Harris,  Esq.,  F.R.S. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

In  the  Annals  of  Electricity  for  October  last  will  be  found 
.  a  memoir  on  Marine  Lightning  conductors.  This  memoir 
is  addressed  to  the  British  Association,  and  in  considered  by 
Mr.  Sturgeon,  the  author  of  it,  to  merit  in  a  high  degree  the 
especial  consideration  of  all  the  learned  scientific  bodies  in 
Europe  and  America. 

The  author  endeavours  to  show,  that  a  metallic  rod  whilst 
transmitting  a  charge  of  electricity,  is  always  productive  of 
powerftil  lateral  exploeiolM,  not  only  On  near  bodies,  but  on 
bodies  at  very  great  distances,  lliis  effidct,  he  thtoks,  in 
the  case  of  a  lightning  rod,  is  a  very  fearfiil  circomsta^nce. 

2.  If  this  deduction  be  worth  anything,  it  is  altogether 
subversive  of  the  use  of  such  rods  as  a  means  of  proteetkn 
from  lightnings  I  have  thou^tit  right,  therefore,  to  examine 
carefully  the  experiments  ami  reasonangs,  which  have  led  the 
author  to  this  conclusion ;  and  sinoe  the  inquiry  bears  mate- 
rially on  a  question  of  great  public  iuterest,  and  contains 
many  new  pnenomena  of  electrical  action,  I  hope  it  may 
not  be  considered  anworthy  a  place  in  your  veiy  valuable 
Journal. 
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3.  Although  Mr*  Sturgeon  has  spoken  in  a  slighting  way 
of  m^  9tad  my  experiments,  and  has  labou^-ed  hard  to  invali- 
date them^  I  still  feel,  that  any  personal  consideration  i^ 
comparatively  of  minor  consequence.  I  will  not,  therefore, 
trouble  your  readers  on  the  subject.  I  merely  wish  to  have 
it  understood,  that  this  is  not  a  repl^  to  that  large  part  of  the 
memoir  levelled  at  myself,  but  is  simply  an  investigation  of 
the  author's  "  Theoretical  and  Experimental  Researches," 
find  of  his  claims  to  our  confidence  as  a  writer  on  Electrical 
Science. 

4.  So  long  since  as  the  years  1728  and  1729,  Mr.  Grey 
observed  the  phenomena  of  electripal  conduction  and  in- 
sulation. 

(a).  Thus  a  pietallic  ball,  J,  fig.  1,  Plate  VII.  supported  on 
the  glass  rod  g,  is  said  to  be  insulated^  and  if  electrified,  will 
cause  a  spark  in  the  opening  between  the  metallic  body  B 
and  the  ball  J. 

(b).  If  we  connect  the  ball  J  with  any  distant  body  c,  by 
means  of  a  metallic  wire  as  in  fig.  2,  and  electrify  it  as  before, 
the  spark  will  still  occur  in  the  opening  at  the  distant  body 
c,  the  electricity  being  conducted  by  the  intermediate  wire. 

(c).  llie  distance  at  which  this  effect  may  ensue,  is  very 
considerable.  Mr.  Grey  succeeded  in  making  it  sensible  at 
a  distance  of  765  feet.* 

(^).  The  effect  is  more  sensible  when  the  body  B  is  con- 
nected with  the  ground,  which  places  it,  by  a  law  of  electrical 
acti(Hi,  in  the  most  favourable  state  for  receiving  the  spark. 

5.  I  am  desirous  to  call  especial  attention  to  these  results, 
notwithstaading  their  elejnentary  character,  because,  as  w/e 
shall  pre^ntly  see,  they  are  really  nothing  more  or  less  than 
tb#  essence  of  Mr.  Sturgeon's  new  researches,  and  which  he 
/dauns  to  have  considered  by  all  the  learned  societies  of 
Eurwe  and  America. 

6.  When  we  attempt  to  charge  an  electrical  jar,  J.  fig.  3, 
it  is  observable,  that  ^  the  charge  accumulates  on  the  inner 
surface,  a  correspondipff  quantity  of  electricity  is  forced  off 
from  the  outer,  <uid  without  this  double  effect  takes  place  we 
fail  to  accumulate  a  charge. 

(e).  To  render  this  evident,  we  have  only  to  place  the  jar 
on  an  insulator,  as  in  fig.  3;  we  shall  then  find,  that  (qt  every 
spark  we  send  into  the  jar,  a  similar  spark  will  leave  its  out- 
side, either  from  the  coating  directly,  or  from  any  distant 
body  c  connected  with  it  as  in  fig.  4. 


♦  Prieafley's  History  of  Electricity, 
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The  outer  coating  J,  therefore,  and  distant  body  c,  may  be 
considered  in  their  insulated  state  as  being  insulated  con- 
ductors under  the  conditions  represented  in  fig.  2. 

ff).  Suppose  the  iar  charged^  and  that  it  remains  insu- 
lated ;  then  we  may  discharge  it,  either  by  one  dense  shock 
through  the  rod  t^  fig.  4^  or  gradually^  in  the  reverse  way  of 
charging ;  viz.  by  continuing  to  draw  sparks  from  the  knob 
nhy  and  add  them  to  the  coating  J :  the  circumstance  how- 
ever of  our  being  enabled  to  take  a  finite  spark,  from  either 
side  alternately,  whilst  the  jar  rests  on  an  insulator,  is  sufiBi- 
cient  to  show,  that  the  accumulated  electricity  is  never  ex- 
actly balanced  between  the  opposed  coatings,  so  that  there 
will  always  be  an  excess  of  either  positive  or  negative  electri- 
city over  the  neutralizing  quantities  themselves,  disposed  on 
the  coatings  of  the  jar. 

is)'  When  therefore  we  discharge  the  jar,  this  excess  erf 
free  electricity  will  speedily  expand  itself  over  the  outer  sur- 
fieice  J,  the  discharging  rod  ^,  the  knob  of  the  jar  m,  or  any 
other  body,  c,  fig.  4,  connected  with  it,  which,  as  in  the  case 
of  the  simply  electrified  conductor,  J,  fig.  2,  will  cause  a  spark 
to  occur  in  either  of  those  places.  The  intensity  of  this  spark 
however  will  depend  on  the  capacity  of  the  jar.  It  is  less  with 
a  large  jar,  and  greater  with  a  small  one,  the  quantity  of  elec- 
tricity discharged  being  the  same. 

(A).  \\'hen  the  jar  has  been  discharged,  the  knob,  the 
outer  coating,  and  all  the  bodies  connected  with  it,  will  be 
found  in  the  same  electrical  state.  We  may  make  this  state 
either  positive  or  negative,  by  taking  a  spark  either  from  the 
knob  or  coating  previously  to  discharging  the  jar. 

(/).  This  small  spark  caused  by  the  excess  of  free  electri- 
city, may  be  obtained  even  though  the  jar  be  connected  with 
the  earth,  provided  we  seize  it  before  the  conductors  have 
had  time  to  operate  in  carrying  off  the  residuary  accumula- 
tion ;  Professor  Wheat  stone  having  shown  by  his  unrivalled 
experiments  on  electrical  conduction,  that  some  portion  of 
time  elapses  in  the  passage  of  electricity  through  wires. 

By  bringing  a  metallic  ball,  B,  fig.  3  and  4,  therefore  in  a 
free  state,  either  very  near  the  discharging  rod  c  c,  fig.  3,  the 
outer  coating  J,  or  any  body,  c,  fig.  4  ,  in  connexion  with  it, 
previously  to  making  the  discharge,  we  seize  as  it  were  some 
of  the  residuary  electricity  before  it  has  time  to  pass  off,  and 
hence  it  becomes  evident  in  this  particular  direction.  The 
effect,  however,  will  be  necessarily  greatest  when  the  jar  and 
its  appendages  are  quite  insulated.  After  this  spark  has  taken 
place,  the  jar  will  be  found  again  slightly  charged,  with  what 
has  been  called  a  residuary  charge,  so  that  the  phenomenon 
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itself   is  actually  the  $ame  as  that  already    observed  in 
charging  the  jar  originally  (e). 

7.  New  these  simple  experiments  fg),  (A),  (t),  are  just  the 
experiments  described  by  Mr.  Sturgeon,  in  which  he  imagines 
that  the  small  spark  above  described,  is  produced  by  a  lateral 
action  of  the  rod  carrying  off  the  discharge.  He  seems  to 
consider  it  as  a  novel  and  important  fact,  and  calls  upon  the 
''principal  scientific  bodies  in  Europe  and  America/'  and 
*•'  the  ablest  electricians  the  world  can  produce,"  in  order 
that  it  may  be  Ailly  sifted  and  explained.  He  takes  great 
credit  for  having  placed  this  subject  before  them  in  a  ^^  proper 
light,"  and  cannot  account  for  the  circumstance  of  my  having 
overlooked  it.* 

8.  But  since  it  is  clear  that  this  supposed  lateral  explosion 
really  resolves  itself  into  one  or  two  simple  facts  (a)  (6), 
known  to  electricians  for  more  than  a  century  since,  *'  the 
ablest  electricians  the  world  can  produce,"  may,  perhaps,  be 
disposed  to  think  such  an  occupation  of  their  time  unne- 
cessary, and  the  several  '^  Learned  Societies  in  Europe  and 
America"  may  consider  it  would  have  been  auite  as  well  for 
Mr.  Sturgeon's  credit,  as  a  lecturer  on  natural  philosophy,  if 
he  had  not  troubled  them  on  the  occasion. 

9.  The  following  is  Mr.  Sturgeon's  version  of  these  expe- 
riments : 

This  kind  of  lateral  discharge,  '^  consists  in  the  displace- 
ment of  the  electrical  fluid  of  bodies  vicinal  to  a  continuous 
conductor  carrying  the  primitive  discharge." 

Exp. — If  a  Leyden  jar,  J,  fig  2,  be  discharged  through  a 
rod  c  c,  a  spark  will  appear  at  the  opening  o,  between  the 
metallic  body  B  placed  near  the  rod. 

Exp. — If  mstead  of  discharging  the  jar  through  the  rod  t  c, 
fig.  4,  we  discharge  it  by  a  common  discharging  rod  ^,  still 
the  spark  will  appear  at  o,  as  before. 

"  The  effect,"  he  says,  "  is  much  increased  by  connecting 
the  body  B  with  the  ground,  and  diminished  to  a  certain  ex- 
tent by  connecting  the  outside  of  the  jar  with  the  ground."  I 
have  produced  the  spark,  he  says,  between  c  c,  and  the 
body  B  when  placed  at  50  feet  from  the  direct  discharge. 

'*  By  this  kind  of  lateral  discharge,"  he  observes,  *^  a  dense 
spark  may  be  produced  when  the  bodies  B  and  c  c,  fig.  3,  are 
half  an  inch  apart.  Though  the  jar  be  only  of  the  capacity 
of  a  quart,  chemical  decompositions  may  be  effected  by  it." 

*  "  I  mean  to  submit  the  substance  of  my  Memoir  to  the  con- 
sideration of  the  principal  scientific  bodies  in  Europe  and  America, 
in  order  that  the  subject  may  be  fully  sifted  and  explained  by  the 
ablest  electricians  the  world  can  produce." — Ann.  of  Elect,^  p.  191. 
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10.  Mr.  Sturgeon  does  not  state  precisely  how  these  ex- 
periments were  conducted,  but  the  nature  of  the  manipula- 
tions would  have  a  material  etfect  on  the  result.  If  for  ex- 
ample a  small  jar  of  a  quart  capacity  were  charging  from  a 
very  powerful  machine,  and  the  discharge  produced  at  the 
time  of  charging,  either  by  a  spontaneous  explosion  betweeu 
the  balls,  m  c,  fig.  3,  or  by  an  insulated  discharger,  then,  as 
is  evident,  not  only  would  the  outer  coating  and  its  append- 
ages become  charged  with  the  residuary  electricity  proper  to 
the  jar,  but  also  by  electricity  from  the  prime  conductor, 
which  would  assuredly  pas$  over  at  the  instant  of  the  dis- 
charge. In  Mr.  Sturgeon's  account  of  his  experiments  this 
fallacious  method  would  appear  to  have  been  resorted  to. 
He  says,  "  a  spark  is  felt  at  every  discharge  through  the  cir- 
cuit represented  in  the  figure,"  that  is  w  o  c,  fig.  3.  Now  the 
continued  discharges  implied  in  this  statement,  could  only  be 
produced  by  continuing  to  work  the  machine  in  connexion 
with  the  jar.  This  circumstance  alone  would  be. sufficient  to 
falsify  the  whole. 

21.  The  following  experiments  are  not  unimportant  as 
bearing  on  the  present  question. 

{k).  Let  a  jar.  J,  fig.  3,  be  charged  positively,  removed 
from  the  machine,  and  insulated.r^Under  this  condition  dis- 
charge it.  When  discharged,  let  the  electrical  state  of  the  knob 
m,  discharging  conductor  c  c,  the  outer  coating  J,  or  any  dis- 
tant body  cc,  fig.  4,  connected  with  it,  be  examined;  they 
will  all  be  found  in  the  same  electrical  state,  which  state  will 
be  precisely  that,  exhibited  by  the  outer  coating  and  knob, 
whilst  charging,  and  the  small  residuary  spark  will  be  plus. 

(/).  Charge  the  jar  as  before ;  but  before  discharging  it, 
wiUidraw  the  free  electricity  from  the  knob.  The  electrical 
state  of  the  coating  and  appendages  will  be  now  changed, 
and  the  small  residuary  spark  will  be  minus. 

(m).  Immediately  after  the  discharge,  apply  a  metallic 
body  B,  fig.  3  and  4,  either  to  the  coating  J,  or  any  body 
connected  with  it.     A  residuary  apark  will  be  thrown  off 

(n).  Place  a  metallic  body  B  near  the  discharger,  or  outer 
coating,  previcmsly  to  making  the  discharge;  the  spark  will 
then  appear  to  ensue  at  the  time  of  the  discharge. 

(o).  Examine  the  jar  after  this  residuary  spark  has  been 
taken  from  the  outer  coating,  and  U;  will  be  found  again  slightly 
charged  as  at  ficst, 

(p).  Charge  a  jar,  exposing  about  two  square  feet  of  coat- 
ing, with  a  given  quantity  of  electricity,  measured  by  the  unit 
jar  u,  fig.  5^  Let  a  conducting  rod  terminating  in  a  ball  r, 
project  from  the  outer  costing,  and  place  near  it  the  electro- 
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scope  E.*  Discharge  the  jar  throngh  the  rod  c  c,  as  be£Dre, 
and  observe  the  amoant  of  divergence  of  the  electroscope. 
Doable  the  capacity  of  the  jar,  and  again  accomulate  and 
discharge  the  same  quantity.  The  divergence  of  the  electro- 
scope will  be  very  considerably  decreased.  Add  a  second 
and  a  third  jar  to  die  former,  and  the  effect  will  be  at  last 
scarcely  perceptible :  connect  the  jar  with  the  groond^  and 
with  a  given  quantity  the  spark  wiU  vanish  altogether. 

(7).  Accumulate  a  given  quantity  as  before,  and  observe 
the  effect  of  the  residuary  charge  on  the  electroscope.  Let 
a  double,  treble,  &c.,  quantity  be  accumulated  and  discharged 
from  a  double,  treble,  &c.,  extent  of  sur&ce;  that  is  to  say, 
for  a  double  quantity  employ  two  similar  jars,  and  so  on :  the 
effect  will  remain  th^  same. 

(r).  The  quantity  and  sur&ce  remaining  ccmstimt,  let  the 
discharge  be  effiscted  by  discharging  circuits  cc,  fig  3,  of 
difierent  dimensions  from  a  large  roa  down  to  a  fine  wire 
which  the  charge  in  passing  can  make  red-hot.  Observe  the 
effect  on  the  electroscope  in  each  case:  it  will  be  found  nearly 
the  same,  being  rather  less  where  ifie  tension  in  the  dischar- 
ging wire  is  very  considerable. 

($).  Connect  the  jar  with  die  ground,  and  place  between 
the  discharging  condfuctor  c  fig.  3,  and  a  metallic  mass  B,  a 
small  qaantity  of  percussion  powder,  inclosed  in  thin  paper. 
The  powder  will  not  be  inflamed,  even  in  the  case  of  the  dis- 
dMu*^ng  canductor  becoming  red-hot:  whereas  in  passing 
the  lightest  spark,  it  inflames  directly. 

(f).  Insulate  a  circular  conducting  disc,  M,  fig.  6,  of  four 
feet  in  diameter:  it  may  be  made  of  wood  covered  with  tin 
foil ;  oppose  to  it  a  similar  disc,  N,  connected  with  the  groimd. 
Place  a  conducting  rod,  c  c,  on  the  lower  plate,  and  near  it  a 
metallic  body,  o;  dectrify  the  upper  plate,  m;  dense  sparks 
will  fall  on  the  rod,  c  c,  but  no  effect  is  observable  on  the 
vicinal  body,  o,  even  though  percussion  powder  be  [daced  in 
the  opening. 

1 2.  Tli^  experiments  are  condusive  of  the  nature  of  Mr. 
Sturgeon's  eKperimenta. 

Exp.  (A).  (A. — show,  that  the  electricity  of  the  spark  Taries 
with  that  of  the  coatings. 

Exp.  (m).— proves  thi^  the  sjiark  is  readily  obtained  after 
the  duK^haxge  has  taken  place;  it  is  not  tbei^ore  any  lateral 
explosion  caused  by  the  disduffging  rod 

*  The  electroscope  I  employed  is  described  in  the  Transactions 
o£  tke  Royal  SoddLy  for  1834,  Fart  %  page  214.  For  more  accu- 
rate measurement  we  should  employ  the  eleott^meter,  p.  215. 
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Exp.  (o). — proves  that  the  spark  is  merely  a  residual  ac- 
cumulation. 

Exp.  (p).  (q), — prove  that  the  spark  is  of  difierent  degrees 
of  force,  when  the  electricity  is  discharged  from  a  greater  or 
less  extent  of  surface,  whilst  double,  treble,  &c.,  quantities, 
when  discharged  from  double,  treble,  &c.,  surfaces,  give  the 
same  spark.  Now  as  no  one  can  doubt  but  that  the  effect  of 
a  double,  &c.  quantity  should  be  greater  than  a  single,  &c. 
quantity,  it  is  again  evident  that  the  spark  is  not  caused  by 
any  lateral  explosion  from  the  discharging  rod;  it  being  a 
well-established  law,  that  the  same  quantity  has  the  same 
heating  effect  on  wires,  whether  discharged  from  a  great 
surface  or  a  small  one,  from  thick  glass  or  thin;  some  Tittle 
allowance  being  made  for  the  greater  number  of  rods,  &c., 
when  the  surface  is  increased  by  an  additional  number  of  jars.* 
The  effect  therefore  depending  on  the  jar,  Mr.  Sturgeon  had 
a  greater  chance  with  a  small  jar  than  with  a  large  one. 

Exp.  (r).— proves  that  the  degree  of  tension  in  the  rod  is 
not  of  any  consequence. 

Exp.  C*).  (t). — show,  that  no  kind  of  lateral  action  arises 
during  the  passage  of  the  charge. 

13.  Mr.  Sturgeon  confounds  this  residuary  spark,  with  the 
Earl  of  Stanhope's  experiments  on  induction:  he  observes, 
p.  176,  "Viscount  Mahon  studied  this  kind  of  lateral  dis- 
charge very  extensively."  But  any  one  who  considers  His 
Lordship's  work,  will  soon  detect  the  fallacy  of  such  a  con- 
clusion. Lord  Mahon  shows,  that  when  an  electrical  charge 
is  about  to  pass  from  a  body  M,  fig  7,  in  the  direction  C  L, 
the  action  upon  a  near  body  N  will  displace  some  of  its  elec- 
tricity; hence  a  spaik  will  take  place  at  E  between  that  body 
and  another  connected  with  the  ground  whenever  the  discharge 
takes  place  from  M,  in  consequence  of  the  return  of  the  d^ 
placed  electricity.  This  effect  His  Lordship  termed  the  "re- 
turning stroke."  Now  to  apply  this  to  the  operation  of  a 
thunder  cloud.  Let  M,  fig.  6,  represent  a  mass  of  cloud 
covering  a  portion  of  the  earth's  surface  N.  Let  c  c  be  a  dis- 
charging rod,  and  o  some  near  body.  Then  by  Lord  Stan- 
hope's experiment  the  charged  cloud  M  will  displace  from  the 
surface  N,  and  all  the  bodies  on  it  as  cc,  o,  &c.  a  portion  of 
their  natural  electricity,  which  will  again  return  when  the  dis- 
charge has  been  eflfectecL  The  conditions  of  Lord  Mahon's 
experiment  cannot  obtain  between  the  conductor  cc  and  the 


*    PhiloM>phical  Transactions  for  1834.    Part  II.  p.  935,  and 
Faraday's  Researches. 
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body  o,  since  they  are  both  in  the  same  forced  state**  It  is 
very  easy  to  perceive,  that  the  electrical  relations  of  two 
bodies  o  and  c  between  the  boards,  is  di^rent  from  that 
between  a  conductor  J,  fig.  1,  charged  with  electricity,  and 
a  body  B  in  its  natural  state;  or  that  of  a  conductor  C,  fig.  6, 
carrying  off  the  displaced  electricity  of  the  lower  plate  N,  and 
a  body  B.  neutral.  Besides,  in  Lord  Mahon's  experiment, 
fig.  7  9  the  electricity  of  the  return  spark  is  different  n'om  that 
of  the  primitive  charge  in  M ;  whereas,  in  Mr.  Sturgeon's  ex- 
periment, the  spark  is  of  the  same  kind.  So  little  did  His 
Lordship  anticipate  any  objection  to  the  use  of  lightning  rods 
in  consequence  of  his  experiments,  that  he  declares  his  con- 
viction of  their  passive  operation,  and  reproves  those  who 
"  ignorantlv  conclude'*  that  they  are  of  a  dangerous  nature. 

14.  We  have  been  here  discussing  what  the  author  calls  a 
third  kind  of  lateral  discharge;  but  he  mentions  a  ^rst  and  . 
second  kind  also.  The  first  kind,  he  says,  *^  takes  place  at 
every  interruption  of  a  metallic  circuit ;  ^'  it  displaces  loose 
bodies,"  &c.  This  is  evidently  the  effect  of  mechanical  ex- 
pansion, and  is  the  very  effect  we  avoid  by  means  of  a  lightning 
rod.  He  alludes  to  Dr.  Priestley  as  authority  on  this  point ; 
how  unfortunate  for  his  whole  doctrine !  Let  us  consiaer  for 
a  moment  what  Dr.  Priestley  says:  *'  That  the  cause  of  this 
dispersion  of  bodies  in  the  neighbourhood  of  electrical  ex- 
jdosions  is  not  their  being  suddenly  charged  with  electric  mat- 
tery is,  I  think,  evident.  I  never  observed  the  least  attraction 
of  these  bodies  toward  the  brass  rods,  through  which  the  ex- 
plosion pcused,  although  I  used  several  methods  which  could 
not  fiul  to  show  it.  I  even  found  that  the  explosion  of  a  bat- 
tery made  ever  so  near  a  brass  rod,  did  not  so  much  as  disturb 
its  electric  fluid;  for  when  I  had  insulated  the  rod,  and  hung 
a  pair  of  pith  balls  on  the  end  opposite  to  that  near  which  the 
explosion  passed,  I  found  the  balls  were  not  in  the  least 
moved.t 

*  This  applies  to  Mr.  Sturgeon's  Exp.  (9).— If  B  fig.  c,  3,  were 
on  the  tame  msulation  with  the  jar  J  and  rod  c,  no  spark  could  occur 
at  o,  except  by  a  division  of  the  charge,  whatever  (quantity  passed 
through  c  This  fact  alone  is  conclusive  of  the  poiut  in  question, 
proving  clearly  that  the  spark  is  no<  a  lateral  explosion. 

+  Tne  reader  will  distinguish  here  between  this  experiment  and 
Lord  Mahon's.  The  latter  relates  to  the  influence  of  a  permanently 
charged  conductor  on  a  body  neutral ;  whereas  Priestley's  applies 
to  the  action  of  wires  carrying  vanishing  quantities  of  electricity , 
the  very  essence  of  Mr.  Sturgeon's  experiment  Dr.  Priestley  would 
not  have  told  us,  had  he  brouflrht  his  rod  near  tbe  free  siae  of  his 
battery,  that  then  the  pith  balbwere  not  moved. 
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We  have  seen  how  litde  support  Mr.  Sturgeon  derived 
fcotii  Lord  Mahon ;  he  obtains  still  less  from  Priestley,  who, 
without  any  compromise,  sweeps  away  his  whole  theory. 
Lord  Stanhope  and  Dr.  Priesdey,  eminent  amongst  the  phi- 
losophers of  Uieir  day,  will  be  doubtless  admitted  to  be  as 
gooa  authority  as  Mr.  Sturgeon. 

15.  The  second  kind  of  lateral  dkcharge  is,  we  are  in- 
formed, ^  a  radiation  of  electric  matter  from  conductors  carry- 
ing the  primitive  disdiarge."  It  takes  place,  the  author  says, 
from  edges,  and  that  hence ''  sharp  edges  of  metal  carryin^^  a 
flash  of  lightning  would  discharge  necessarily  a  great  quantity 
of  fluid  into  nei^bourin^  bodies."  No  author  is  [pressed  into 
the  service  on  this  occasion,  and  for  the  best  possible  reason, 
no  accredited  writer  has  ever  treated  of  such  a  phenomenon 
as  applying  to  a  lightning  rod.  It  is  in  fact  applicable  only  to 
charged  conductors.  Thus  ragged  or  pointtfl  rods  attadied 
to  the  prime  conductor  of  the  eledbrical  machine  exhibit  brushes 
of  light,  whilst  other  similar  bodies,  within  tibeir  inflnenoe, 
have  tibe  appearance  of  stars.  The  lights  on  steeries,  aad  on 
the  sail  yard  and  masts  of  daps,  mentioned  by  Pliny,  are  -of 
tiiiskina.  Franklin  ex{daaned  these  pheDomena,  ana«homd 
tliat  pointed  bodies  were  fiivoarable  to  the  rapid  disstpQtion  of 
electrical  accumulations,  and,  as  is  well  known,  «vBtlea  himself 
of  the  important  fact  in  his  application  of  Oie  pointed  light- 
ning rod.  How  Mr.  Sturgeon  has  contrived  to  associale  this 
effect  with  the  e&cts  of  d^Bcharges  of  lightning  through  con- 
ductors it  is  difficult  to  say.  It  is  certadaly  a  Tery  «traage 
oonflnion  of  tbings.  That  the  efiect  in  question  has  nothing 
to  do  with  a  diarpor  round  edge,  or  angular  dtaebaiges,  may 
be  shown  by  the  foUowing  experiments : — 

(u) .  Dr..  Priestley  disdiarged  a  battery  over  a  wire  circuit 
perfectly  straight,  and  also  over  the  same  circuit  passed  about 
pins  so  as  to  make  sharp  angles : — the  result  of  the  oluuqgeea 
flising  a  given  length  of  wire  was  not  influenced,  which  oould 
hardly  have  been  if  the  angular  portion  had  thrown  off*  or 
discharged  into  the  neighbouring  pias,  &c.  any  of  the  ohai^, 
it  being  well  known  that  the  least  diminution  of  quantity  is 
fatal  to  a  delicafte  experiment  on  the  fusion  of  wire. 

(v).  Discharge  a  given  quantity  of  electricity  by  a  continu- 
ous rod  free  of  edges,  through  a  wire  passed  through  die  ball 
of  an  air  thermometer,  and  also  by  a  similar  Tod  with  ragged 
edges,  placed  near  other  metallic  masses :  t}ie  efiect  on  the 
wire  remains  unchanged.* 

^  For  a  JoBciiptbn  of  this  instrument,  termed  an  electro-tber* 
mometer,  see  TransacUons  of  the  Royal  Society  for  1827,  )p.  18. 
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It  18  not  difficult  to  perceive  the  distinction  of  the  two  ekttes 
just  alluded  to.  If  Dr.  Priestley  had  insulated  his  wore,  and 
then  charged  it  in  the  ordinary  way,  brashes  of  lig^t  would 
doubtless  have  escaped  from  the  angular  portions  j  whereas 
the  wire  when  acting  as  a  discharging  circait  can  exhibit  m> 
sudi  appearance.  1  he  electricity  is  then  evaatseent,  and  by^ 
a  law  c^  electrical  action  determined  rapidly  toward  the  nega- 
tive surfitce.  Many  iacts  might  be  adduced  conclusive  of  this 
point,  but  it  s^ms  scarcely  worth  while  to  dwell  longer  o& 
it. 

16.  The  great  end  which  the  author  proposes  to  himself  in 
this  memoir,  is  an  exposition  of  the  danger  attendant  on  my 
method  of  fixed  lightning  conductors  for  ships,  successfully 
tried  in  the  Briti^  navy  for  upwards  of  ten  yeatB ; — with  a 
view  to  a  substitution  of  aa  untried  method  of  his  own.  It 
may  be  worth  while,  therefore,  in  conclusion,  to  see  whether 
the  objectionB  he  so  strongly  insists  on,  do  not  ecjually  a{^ly 
to  his  own  oonductors  as  well  as  to  mine,  and^  m  short,  to 
Ughtning  conduttcMrs  generally. 

17.  In  <&e  first  place,  he  tells  us  (see  191.)  *^  tbat  it  is  pos- 
sible fonr  the  most  spacious  conductor  that  can  be  ap|died  to  «t 
ship  to  be  rend^nsd  soffidently  hoi  by  lightning  to  ignite  gun- 
powder." 

18.  In  the  next  i^ace,  he  says,  (20S.)  diat  the  ''  lateral  dis- 
charge wiU  alwatfs  take  place  when  the  vidnal  bodies  are  ca- 
pacious, and  near  the  principal  conductor  or  any  of  its  me- 
tallic tappendages."  This  was  the  case,  be  sajs,  wtien  xnAt 
inn  smail  jar  was  used,  and  witb  this  small  jar  be  could 
produce  lateral  dischaiges  at  a  distance  of  fifty  '^fecft&om  the 
airect  discharge." 

19.  Thirdly,  he  tells  us  (20a)  that** the w^fnitude  and 
intenmty  of  ti  flash  t>f  lightning  being  infinitely  ^eater  than 
anything  which  can  be  produced  artificially,  the  lateral  dis- 
chsives  raiu^  be  proportionally  greatety^  that  is  to  say  infi- 
nitely great. 

20.  Taking  these  data  as  true  then,  it  follows  that  any 
lightning  conductor  carrying  a  flash  of  lightning,  Would  at  an 
infinite  distancet,  produce  a  lateral  explosion  infinitely  great, 
and  of  course  do  an  infinite  deal  of  mischief.  Hence,  every 
powder  magazine  having  a  lightning  conductor,  every  ship 
with  a  lightning  chain  in  her  rigging,  should  whenever  light- 
ning struck  the  conductor  be  destroyed ;  for  in  no  cw^  is  the 
conductor  at  one  third  the  distance  from  the  inflammable 
matter,  of  that,  at  which  Mr.  Sturgeon  can  prodace  a  lateral 
discharge  with  a  jaa*  of  **only  a  quart  capacity,"  viz.  **S0 
feet." 
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21.  But  Mr.  Sturgeon  proposes  to  apply  cylindrical  copper 
rods  in  the  rigging ;  their  *'  upper  extremities  to  be  attached 
to  the  tops,  &c.  &c./'  *'  their  lower  extremities  to  the  chains 
of  the  shrouds,"  and  to  be  united  "by  broad  straps  of 
copper  to  the  sheathing/'  that  is  to  say,  by  conductors  with 
edges,  which  he  says  throw  off  the  charge  into  neighbouring 
bodies ;  this  too  after  having  told  us,  that  the  most  spacious 
conductor  may  become  red-hot,  and  that  lateral  discharges 
always  take  place  when  the  vicinal  bodies  are  capacious ^  and 
near  the  principal  conductor  or  any  of  its  metallic  appendages. 
Under  siich  circumstances  what  is  to  become  of  the  rigging, 
sails,  masts  ?  will  they  not  be  set  on  fire  ?  Are  not  the 
massive  iron  hoops  and  other  metals  about  the  masts,  the 
chains  of  the  shrouds  bolted  through  the  ship's  side,  and 
other  metallic  bodies  in  the  hull,  such  as  bolts,  tanks,  chain 
cables,  &c.  &c.,  vicinal  capacious  bodies y  and  reaching  by 
interrupted  metallic  circuits  up  to  the  very  magazines  Mr. 
Sturgeon  talks  so  much  about  ?  Must  not  a  ship  with  such 
conductors  be  necessarily  destroyed  ?  Surely  he  must  give 
the  British  Association  and  the  learned  bodies  of  Europe  and 
America,  &c.,  very  little  credit  for  philosophical  penetration, 
if  he  thinks  they  will  not  immediately  discard  such  philosophy 
as  this. 

22.  Either  his  ''  theoretical  and  experimental  researches'* 
are  true,  and  his  system  of  conductors  fatal  and  absurd,  or 
otherwise,  if  his  conductors  be  good  for  anything,  then  his 
theoretical  and  experimental  researches  are  good  for  nothing. 
He  may  adhere  either  to  the  one  or  the  other,  but  he  cannot 
have  both;  such  is  the  reductio  ad  adsurdum  in  which  he  is 
involved. 

Mr.  Sturgeon's  anxiety  to  arrive  at  conclusions  unfavour- 
able to  my  conductors,  has  led  him  to  conclusions  subversive 
of  all  conductors,  his  own  especially. 

23.  The  mere  circumstance  of  finding  his  *'  third  kind  of 
lateral  explosion"  decrease  in  power,  by  uninsulating  his  jar, 
might  alone  have  led  him  to  doubt  the  accuracv  of  his  de- 
duction. On  so  important  a  point,  and  before  he  ventured 
to  awaken  the  prejudices  and  fears  of  the  uninformed,  we  had 
a  right  to  expect  at  his  hands  a  profound  scientific  inquiry. 
He  should,  at  least,  have  tried  whether  he  could  not  get  this 
spark  after  the  main  charge  had  passed  (m)  as  well  as  at  the 
apparent  time  of  passing.  The  quantity  of  electricity  should 
have  been  accurately  measured,  and  its  effects  in  producing 
the  spark  determined,  both  in  relation  to  the  quantity  ana 
surface  over  which  it  was  distributed  (p).  The  form  and 
dimensions  of  the  discharging  conductor  should  have  been 
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varied  (r).  The  final  electrical  state  of  his  apparatus,  as  also 
the  electricity  of  the  spark,  should  in  common  prudence  have 
been  examined,  (A),  together  with  other  manipulations  quite 
inexcusable  to  neglect  on  such  an  occasion.  He  has  how- 
ever, failed  in  everything  calculated  to  give  value  to  his 
inquiries,  as  I  think  has  been  fully  shovm.  They  are  hence 
not  entitled  to  the  smallest  confidence,  and  it  is  not  a  little 
extraordinary  that  he  should  have  done  so,  whilst  taking 
credit  to  himself  for  superior  sasacity^  and  an  acquaintance 
with  facts  of  which  he  says  I  md  "  not  seem  to  be  aware," 
e.  g.  the  most  common-place  facts  in  electricity. 

24.  In  conclusion,  I  have  no  hesitation  in  giving  it  as  my 
confirmed  opinion,  after  a  long  and  severe  examination  of 
the  laws  of  electrical  action,  and  of  cases  of  ships  and  buildings 
struck  by  lightning ; — ^that  a  lightning  rod  is  purely  passive, 
that  it  operates  simply  in  carrying  off  the  lightning  which 
fidls  on  it,  without  any  lateral  ex^osive  action  whatever.  I 
do  not  deny  the  general  inductive  effect  mentioned  by  Lord 
Stanhope  on  bodies  opposed  to  the  influence  of  the  thunder- 
cloud, and  that  the  displaced  electricity  will  again  find  its 
equilibrium  of  distribution,  and  return  to  those  bodies,  which 
effect  would  necessarily  take  place,  whether  we  had  a  light- 
ning rod  or  not  (13);.  an  additional  reason  for  linking  the 
detached  conductors  in  a  ship's  hull  into  one  great  mass,  so 
as  to  have  as  few  interrupted  circuits  as  possible  in  any 
direction. 

This  opinion,  by  the  citation  of  a  few  striking  cases  in 
which  ships  have  been  struck  by  lightning,  I  hope  in  a  future 
paper  fully  to  substantiate,  should  you  think  the  subject  of 
sufficient  consequence.* 


Appendix. 

The  author,  probably  perceiving  how  little  he  had  gained 
by  quoting  Lora  Mahon  and  Dr.  Priestley,  observes,  in  a 
supplementary  note,  page  235,  *^  Perhaps  the  experiments  of 
Professor  Henry  would  be  more  to  my  purpose."  These 
experiments,  however,  are  no  more  to  his  "purpose"  than 
the  others,  as  any  one  may  see  who  will  examine  the  Pro- 
fessor's communication,  in  the  seventh  report  of  the  British 
Association,  page  25.  The  experiments  there  described  relate 
to  minor  electrical  discharges,  similar  to  those  already  men- 
tioned (t).     These  were  obtained  by  throwing  simple  sparks 

.    [*  We  shall  be  most  happy  to  receive  and  insert  any  further 
communication  from  Mr.  Hams. — Edit] 

Vol.  IV.— No.  22,  January,  1840.  Z 
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from  an  electrical  machine,  on  small  wires  or  rods,  either 
insulated  or  connected  with  the  earth :  the  wires  became  lumi- 
nous and  the  rods  emitted  sparks.  In  this  case,  as  Professor 
Henry  observes,  the  electricity  of  the  machine  most  be  con- 
sidered as  free  electricity ;  and  as  the  bodies  on  which  they 
fell  were  all  in  their  natural  state,  the  spark  is  immediately 
thrown  off  as  a  lateral  discharge.  Whether  insulated  or  not, 
the  electricity  of  the  body  is  evidently  acted  on  by  induction, 
before  the  spark  can  be  distributed  over  it  or  the  earth. 
Hence,  when  sparks  of  about  an  inch  long  are  thrown  on  the 
upper  end  of  a  lightning-rod,  or  other  metallic  body  passing 
into  the  earth,  the  induction  upon  the  rod  and  earth  requiring 
a  short  time  for  its  development,  a  spark  is  thrown  off  upon 
any  adjacent  conductor  in  a  state  to  receive  it.  Such  experi- 
ments, therefore,  apply  only  to  small  quantities  of  electricity 
suddenly  thrown  upon  conductors  in  a  neutral  st^te.  This, 
as  I  have  shown,  (13,  figure  6,)  is  a  distinct  case  from  that, 
in  which  a  charged  surface  throws  off  its  redundant  electricity 
upon  an  opposite  surface  eager  to  receive  it  through  a  con- 
ducting-rod  sharing  in  the  electrical  state  of  that  surface,  and 
which  is  consequently  prepared  already  by  induction  to  dis- 
charge it.  One  might  be  led  to  infer,  from  the  particular 
description  given  by  the  author  of  this  experiment,  page  235, 
that  sparks  had  been  obtained  from  a  lightning-rod  at  the  time 
of  its  conveying  a  discharge  of  lightning.  It  may  not  be  amiss 
to  add,  that  Professor  Henry  did  not  consider  these  experi- 
ments as  applicable  to  lightning-rods ;  and  that  in  accordance 
with  the  opinion  of  Biot,  he  thinks  the  spark  observable  at 
the  time  of  discharging  a  jar— that  is,  Mr.  Sturgeon's  new 
fact — is  entirely  owing  to  a  small  quantity  of  redundant  elec- 
tricity always  existing  on  one  side  of  the  jar,  as  I  have  already 
stated,  (/),  and  not  to  the  whole  charge. 

I  am,  .Gentlemen, 
Your8>  &c* 

W.  Snow  Harris. 
Plymouth,  Apt?.  5, 1839.     . 


Westmorland  Cottage^ 

December  %  1839. 
My  dear  Sir, 
I  have  read  your  preceding  paper  very  carefully,  under  tho 
expectation  of  finding  some  close  dispassionate  reasoning 
from  the  pen  of  one  who  has  so  deservedly  the  reputation  <» 
being  an  indefatigable  experimenter  in  electricitv.  I  expected, 
also,  from  the  title  of  ypur  paper,  tlu^  you  would  have  inves- 
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tigated  my  fourth  memoir,  paragraph  by  paragraph,  in  the 
same  aniform  mamier  in  which  they  are  arranged;  pointing 
oQt  their  correctness  or  incorrectness,  in  a  manly  and 
scientific  order.  But,  although  I  have  been  sadly  disap- 
pointed in  this  particular,  1  am  yet  willing  to  believe  that  the 
next  time  you  attempt  to  investigate  any  of  the  results  of  my 
enquiries,  your  present  irritation  will  have  subsided;  and  that 
you  will  see  the  necessity  and  importance  of  keeping  close 
to  your  subject:  for  no  irritated  man  can  be  expected  to  rea- 
son welL 

I  am  exceedingly  sorry  to  find  that  you  think  I  have 
**  laboured  hard  to  invalidate"  your  experiments  which  were 
shown  to  the  Navy  Board,  at  Plymouth,  and  the  British  As- 
sociation, at  Liverpool,  &c.,  when  no  effort  of  the  mind  was 
necessary  for  the  purpose.  No  electrician  need  *'  labour  hard" 
to  show  the  deceptive  character  of  those  experiments ;  nor 
would  it  require  much  effort  of  the  mind  to  come  to  the  con- 
clusion that  those  experiments  were  either  intended  to 
deceive,  or  that  their  author  was  sadly  abroad  from  his  sub- 
ject. It  would  be  impossible  for  me  to  know  which  side  of 
this  dilemma  you  mean  to  choose:  but  I  hope  you  will  be 
enabled  to  clear  up  this  point  and  that  without  delay ;  for 
upon  this  point  alone  hangs  much  of  ^our  credit  (which  i 
hope  never  to  see  sullied)  as  an  electrician  and  a  philanthro- 
pist My  only  motive  for  reviewing  your  illustrtUive  experi- 
ments was  that  of  '^  placing  them  in  a  proper  light,''  and 
I  can  never  expect  that  you  will  object  to  an  examination  of 
your  illustrations  of  a  topic  of  such  deep  interest  as  that  of 
marine  lightning  conductors,  where  thousands  of  brave  men's 
lives  are  either  to  be  protected  or  placed  in  wanton  jeopardy. 
Think  seriously  on  the  importance  of  this  subject  before  you 
venture  one  step  farther  m  your  project,  and  aUow  candour 
and  exi)erience  to  be  well  weighed  in  your  mind  on  this  mo- 
mentous occasion.  No  one  would  have  been  more  delighted 
than  myself  had  your  long  paper  shown  anything  like  dis- 
passionate controversial  argument  with  close  adherence  to  the 
subject;  instead  of  which  1  am  sorry  to  say,  you  have  indulged 
in  blunt  and  useless  asperities  which  are  foreign  to  scientific 
discussion^  and  fatal  to  the  ppgress  of  all  rational  pursuits. 

You  must  excuse  my  discussing  the  various  parts  of 
your  paper  individually,  at  this  moment,  as  my  duties 
press  too  closely  on  ray  time  to  give  them  proper  atten- 
tion. I  can  only  now  repeat  that  1  am  much  disappointed  at 
your  not  touching  on  the  most  vital  part  of  my  memoir,  nor 
of  producing  any  argument  in  favour  of  your  fevocrite  jJan  of 
marine  lightning  conductors.     In  the  next  number  of  these 

Z2 
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Annals  you  may  expect  a  full  and  ample  analysis  of  your 
paper:  at  present  I  will  merely  offer  a  few  questions  for  your 
solution,  which,  as  a  gentleman  and  electrician,  you  will  un- 
doubtedly attend  to. 

Have  1,  or  have  I  not,  given  a  feir  and  candid  explanation 
of  your  experiments  before  the  Navy  Board,  at  Plymouth? 
(Fourth  Memoir,  176,  177,  178,  179). 

Have  I,  or  have  I  not,  pointed  out  other  experiments  which, 
as  an  electrician,  you  ought  to  have  made  the  Navy  Board 
acouainted  with  in  such  an  important  enquiry?  (180). 

Do  you  mean  to  be  considered  a  philosopher,  or  a  necro- 
mancer, by  endeavouring  to  persuade  the  British  Association 
that  your  blowing  asunder  two  pieces  of  wood  by  gunpowder , 
was  a  true  representation  of  the  effects  of  lightning  on  a 
ship's  mast?  (181). 

Have  you,  or  have  you  not,  made  any  other  experiments 
to  show  the  superior  efficacy  of  your  proposed  conductors? 

Have  you,  or  have  you  not,  made  yourself  well  acquainted 
with  atmospheric  electricity  by  a  long  series  of  kite  experi- 
ments? 

To  what  kind  of  electrical  action  do  you  allude  the  bursting 
of  the  iron  hoops  of  the  mainmast,  &c.,  of  the  Rodney,  and 
the  springing  of  the  nails,  and  displacement  of  the  lead  of 
**  the  lantern  of  the  dome"  of  the  Hdtel  des  Invalidesf 

Which  do  you  think  most  prudent,  to  endeavour  to  lead 
lightning  into  the  ship,  or  to  endeavour  to  keep  it  out  of  the 
ship? 

These  are  plain  simple  questions,  and  require  nothing  more 
than  plain,  simple,  and  unequivocal  answers. 

I  am,  dear  Sir, 
V  Yours  very  truly, 

W.  STURGEON. 
To  fV,  Snow  Harris,  Esq, 

P.S.  I  hope  you  will  perceive  that  I  have  no  motive  in 
this  great  question,  further  than  that  of  eliciting  truth  and 
protecting  our  brave  tars  from  the  most  formidable  of  all 
nfkture's  elements :  and  you  may  depend  upon  my  giving  you 
every  advantage  that  these  Annals  will  afford,  to  support  the 

flan  which  you  have  proposed.  You  will  acknowledge  that 
have  hitherto  been  candid  in  this  particular,  by  transplant- 
ing your  paper  from  another  Journal  to  the  Annals ;  and.  as 
it  is  possible  that  yonr  letter  of  the  15th  of  September  may 
have  some  weight  in  your  favour,  I  now  offer  it  to  the  perusal 
of  our  readers.     W.  S. 
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Plymouth,  September,  15,  1839. 
Dear  Sir, 

I  have  never  received  the  papers  on  electricity  alluded  to  in 
your  letter  of  the  12th  instant,  and  with  which  1  have  been 
duly  favoured.  I  do  not  think  any  communications  of 
the  kind  were  received  for  the  Physical  Section,  of  which  I 
was  one  of  the  Secretaries  at  the  last  meeting  of  the  British 
Association,  at  Birmingham  ;  at  least,  if  they  were,  I  know 
nothing  about  it.  1  cannot  understand  how  any  one  acquainted 
with  the  nature  of  ordinary  electrical  discharges,  and  conver- 
sant with  the  practical  results  on  the  great  scale  of  nature, 
cau  at  all  dissent  from  the  simple  and  plain  method  I  employ 
for  yarding  shipping  aeainst  lightning.  However,  you  seem 
to  tl^ink  my  scheme  a  <&n^erous  one ;  and  I  will  allow  that 
your  opinions  are  entitled  to  much  consideration ;  you  have 
entered  with  considerable  abihty  and  skill  into  electrical 
actions,  and  you  have  my  best  acknowledgments  of  your 
talents.  I  cannot  say  as  much  for  those  who  have  been  lately 
engaged  in  the  illiberal  crusade  against  me  and  my  opinions, 
in  London.  But  as  1  do  not  in  any  way  care  for,  or  value 
what  they  say,  I  do  not  think  it  worth  my  while  to  notice 
them.  Mr.  Clarke,  Mr.  Roberts,  with  a  few  ignorant  naval 
men,  are  quite  welcome  to  visit  the  Polytechnic  daily  for  the 
purpose  of  depreciating  my  labours,  and  may  publish  as  many 
pamphlets  for  circulation  at  the  different  bridges  in  London 
as  they  please.  That  is  a  mode  of  proceeding  which  must 
eventually  recoil  on  themselves  ;  to  say  nothing  of  its  being 
unhandsome,  illiberal,  and  uncalled  for.  I  must  say  I  was 
not  a  little  annoyed  at  finding  you  associated  against  me  with 
others ;  since  I  had  always  from  the  time  I  first  met  you  at 
Oxford,  at  the  meeting  of  the  British  Association,  thought 
we  were  on  better  terms ;  and  that  any  difference  about  a 
philosophical  subject  mi^ht  have  been  settled  between  us  in  a 
Detter  way.     However,  I  cannot  help  it. 

Well  now,  you  say  you  are  about  to  publish  some  commu- 
nications which  are  to  point  out  the  danger  of  my  system  of 
defence  from  lightning.  I  cannot  possibly  have  any  objection 
to  this.  I  only  hope  you  will  be  carefiil  to  inform  yourself 
respecting  the  true  state  of  the  question,  and  not  misrepresent 
me  as  others  have  done  (unintentionally  it  will  be  I  have  no 
doubt).  You  will  excuse,  I  am  sure,  my  saying,  if  I  may  judge 
by  your  letter,  that  you  have  not  examined  the  question  faith- 
fully. Let  me,  therefore,  put  you  in  possession  of  a  few  points 
as  it  may  probably  save  both  of  us  trouble.  Like  some  others 
you  begin  by  assuming  that  I  have  overlooked  some  import- 
ant facts  connected  with  discharges  of  lightning.     Perhaps 
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the  contrary  may  be  found  to  be  the  case  and  that  those  who 
oppose  me  have  mistaken  the  road ;  and  I  think  I  see  where 
the  mistake  made  by  those  who  talk  of  danger  from  a  lateral 
discharge  lies.     However^  of  this  more  by-and-b^e. 

I  beg  you  to  observe  that  you  are  quite  wrong  m  supposing 
that  my  conductors  pass  through  the  magazines.*  Why  I 
never  dreamt  of  such  a  thing ;  neither  do  they  exclusively  go 
into  the  body  of  the  hull ;  since  large  metallic  bands  lead  off 
under  the  deck  to  the  iron  knees^  &c.,  in  the  side.  My  object 
has  been  to  connect  all  the  masses  of  metal  in  the  hull^  and 
the  conductors  on  the  masts  into  one  general  system^  so  as  to 
admit  of  a  general  and  rapid  distribution  of  the  fusing  charge 
without  explosion  or  damage. 

You  say  ^^  there  is  an  apparent  intention  to  introduce  my 
conductors  in  the  navy."     Are  you  not  aware  of  ihefact  of 
the  conductors  having  been  used  in  the  navy  for  the  last  12 
years  or  more  ?      Why  they  have  been  fitted  in  six  frigates, 
many  line  of  battle  ships,  and  smaller  craft.     Men  have  been 
exposed  to  lightning  in  all  parts  of  the  world — South  America, 
Tropics,  Coast  of  Africa,  Mediterranean — some  have  been 
struck  by  lightning.     J  understand  in  the  late  inquiry  which 
the  government  ordered  with  a  view  of  examining  the  success 
of  my  plan,  that  extremely  valuable  evidence  has  been  ob- 
tainea  from  naval  officers  in  command  of  their  ships,  and 
from  others  who  have  been  exposed  to  lightning  under  various 
circumstances.  It  is,  I  am  told  by  the  Secretary  of  the  Admi- 
ralty, very  voluminous,  will  be  printed  and  laid  before  Par- 
lament.     I  do  not  know  the  amount  of  it  myself,  but  I  think 
it  would  be  as  well  to  examine  the  documents  before  we  enter 
upon  the  public  discussion  you  have  marked  out ;  as  to  mere 
opinion  it  will  go  for  nothing  any  way ;  and  you  must  go  to 
facts.     Allow  me  to  call  your  attention  to  the  mutical  Mag- 
azine, No.  2,  for  February  last,  1839,  for  the  actual  effects  of 
lightning  on  three  ships  of  the  navy ;  and  if  you  will  go  to 
Mr,  Payne,  at  the  Polytechnic,  he  will  show  you  the  diagram 
I  left  there,  illustrative  on  a  large  scale  of  those  effects.    Tell 
me,  where  was  the  calorific  and  lateral  discharge  to  which  yoa 
allude  in  this  case  ?    If  we  could  meet  and  examine  this  sub- 
ject together  experimentaUy,  I  believe  we  should  soon  settle 
the  difference.     Whatever  I  may  be  induced  to  do  by  way  of 
reply  to  anything  you  advance,  will  be  simply  an  appeal  to 
facts.     I  possess  a  great  body  of  evidence  from  a  history  of 

*  Will  Mr.  Harris  say  tliat  not  one  of  his  conductors  pained 
through  the  powder  magazine  of  H. M.S.  Java?  See  Lieut. 
Green's  Letter,  p.  329.     Edit 
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cases  of  lightning  on  ships  which  bear  out  my  views ;  but  I 
certainly  snail  not  write  anything  until  I  see  the  result  of  the 
inauiry  and  investigation  lately  instituted  by  the  Admiralty. 
I  think  you  would  do  well  not  to  advance  anything  without  a 
pretty  close  appeal  to  experience.  I  shall  always  consider 
that  I  have  been  illiberally  treated  by  many  persons  in  this 
aflair^  as  you  would  say  if  you  knew  all. 

I  am,  dear  Sir, 

Yours  faithfully, 

W.  SNOW  HARRIS. 
To  W.  Sturgeon^  Esq. 


XL.     On  the  effects  of  Lightning  on  H.M.S,  Beagle. 
By  Lieut.  Sutway.     In  a  letter  to  the  Editor. 

Hushing,  near  Falmouth, 

October  9,  1839. 
Sir, 

Having  considered  your  communication  in  the  Annals  of 
Electricity,  on  marine  lightning  conductors,  containing  ob- 
servations on  the  stroke  of  lightning  which  fell  on  the  masts  of 
H.M.S.  Beagle,  I  thinkitfair,  both  to  Mr.  Harris  and  the  naval 
service,  to  describe  the  phenomenon  I  witnessed  on  that 
occasion ;  first  stating  that  at  the  time  of  my  joining  the 
Beagle  in  1831,  previously  to  her  leaving  Englana,  I  had  no 
acquaintance  with  Mr.  Harris,  and  certainly  no  bicis  in  favour 
of  the  conductors  with  which  the  ship  was  fitted.  I  may, 
therefore,  claim  to  be  considered  an  impartial  observer. 

At  the  time  alluded  to>  I  was  first  Lieutenant  of  the  Beagle, 
and  was  attending  to  the  duty  on  deck.  She  was  at  anchor 
off  Monte  Video,  in  the  Rio  de  la  Plata,  a  part  of  the  world 
veiT  often  visited  by  seyere  lightning  storms.  Having  been 
on  board  H.  M.  Frigate,  Thetis,  at  Rio  Janeiro  a  few  years 
before,  when  her  foremast  was  totally  destroyed  by  lightning, 
my  attention  was  always  particularly  directed  to  approaching 
electric  storms,  and  especially  so  on  the  occasion  alluded  to, 
as  the  storm  was  unusually  severe.  The  flashes  succeiteded 
each  other  in  rapid  succession,  and  were  gradually  approach- 
ing ;  and  I  was  watching  aloft  for  them  when  the  ship  was 
apparently  wrapt  in  a  blaze  of  fire,  accompanied  by  a  simtd^ 
taneovs  crash,  which  was  equal,  if  not  superior,  to  the  shock 
I  felt  in  the  Thetis ;  one  of  the  clouds  by  which  we  were  enve- 
loped, had  evidently  burst  on  the  vessel,  and  as  the  mainmast 
appeared  for  the  instant  to  be  in  a  mass  of  fire,  I  felt  certain 
that  the  lightning  had  passed  down  the  conductor  on  that 
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mast.  The  vessel  was  shaken  by  the  shock  and  an  unasual 
tremulous  motion  could  be  distinctly  felt;  as  soon  as  I  had 
recovered  from  the  surprise  of  the  moment,  I  ran  down  below 
to  state  what  I  saw  and  to  see  if  the  conductors  below  had  been 
affected,  and  just  as  I  entered  the  gunroom,  the  purser,  Mr. 
Rowlett,  ran  out  of  his  cabin  (along  the  beam  of  which  a 
main  branch  of  the  conductor  passed),  and  said  that  he  was 
sure  the  lightning  had  passed  down  the  conductor,  for  at  the 
moment  of  the  shock  he  heard  a  sound  like  rushing  water 
passing  along  the  beam.  Not  the  slightest  ill-consequence 
was  experienced ;  and  I  cannot  refrain  from  expressing  my 
conviction  that  had  it  not  been  for  the  conductor,  the  results 
would  have  been  of  very  serious  moment.  This  was  not  the 
only  instance,  when  we  considered  that  the  vessel  had  been 
saved  from  beine  damaged  by  lightning  by  Mr  Harris's  con- 
ductors ;  and  I  believe  that  m  saying  I  had  the  most  perfect 
confidence  in  the  protection  which  those  conductors  afforded 
us,  I  express  the  opinion  of  every  officer  and  man  in  the  ship ; 
and  as  Captain  Fitzroy's  opinion  must  have  much  greater 
weight  than  mine,  from  his  superior  knowledge  on  the  subject 
of  electricity,  I*  cannot  refrain  from  copying  his  opinion  of  the 
conductors  in  the  Beagle,  which  is  published  in  his  appendix 
to  the  Beagle's  voyage. 

"Previous  to  sailing  from  England  in  1831,  the  Beagle 
was  fitted  with  permanent  lightning  conductors  invented  by 
Mr.  W.  S.  Harris,  F.R.S. 

** During  the  five  years  occupied  in  the  voyage  she  was  fre- 
Quently  exposed  to  lightning  but  never  receiv^  the  slightest 
aamage,  although  supposed  to  have  been  struck  by  it  on,  at 
least,  two  occasions ;  when  at  the  moment  of  a  vivid  flash  of 
lightning,  accompanied  by  a  crashing  peal  of  thunder,  a 
hissing  sound  was  heard  on  the  masts,  and  a  strange  though 
very  light  tremulous  motion  in  the  ship,  indicated  that  some- 
thing unusual  had  happened. 

"The  Beagle's  masts,  so  fitted,  answered  well  during  the  five 
years'  voyage  above  mentioned ;  and  are  still  in  use  on  board 
the  same  vessel  on  foreign  service. 

"Even  in  such  small  spars  as  her  royal  masts  and  flying  jib- 
boom,  the  plates  of  copper  held  their  places  firmly,  and  in- 
creased rather  than  diminished  their  strength. 

"No  objection  which  appears  to  me  valid  has  yet  been  raised 
against  them ;  and  were  I  allowed  to  choose  between  having 
masts  so  fitted  and  the  contrary,  I  should  not  have  the 
slightest  hesitation  in  deciding  on  those  with  Mr.  Harris's 
conductors. 

'*W  hether  they  might  be  further  improved,  as  to  position 
and  other  details,  is  for  their  ingenious  inventor  to  consider 
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and  determine.  He  has  already  devoted  so  many  years  of 
valuable  time  and  attention  to  the  very  important  suhject  of 
defending  ships  aj^ainst  the  stroke  of  electricity,  and  has 
succeeded  so  well  for  the  benefit  of  others,  at  great  inconve- 
nience and  expense  to  himself^  that  it  is  earnestly  to  be  hoped 
that  the  government,  on  behalf  of  this  great  maritime  country, 
will,  at  the  least,  indemnify  him  for  time  employed  and  pri- 
vate funds  expended  in  a  public  service  of  so  useful  and 
necessary  a  character." 

Not  being  sufficiently  acquainted  with  electrical  experi- 
ments, I  cannot  remark  upon  those  you  have  adduced  in 
support  of  your  opinions  detrimental  to  Mr.  Harris's  conduc- 
tors. I  can,  therefore,  only  repeat  my  conviction  that  the 
Beagle  was  struck  by  lightning  in  the  usual  way,  and  certainly 
without  any  lateral  explosion  or  other  ill  effects,  similar  to 
those  you  insert  in  your  Annals  of  Electricity. 

1  am.  Sir, 

Your  obedient  servant, 
B.  T.  SUTWAY, 
Lieut.  R.  N. 


Observations. 

Lieut.  Sutway's  description  of  the  lightning  rods  on  the 
Beagle  is  obviously  of  a  very  different  character  to  that  given 
by  Capt.  Fitzroy,  and  certainly  much  more  favourable  to  the 
idea  of  the  ship  being  struck  than  given  by  the  latter  officer. 
I  consider  Lieut.  S's  description  of  the  occurrence  exceedingly 
valuable ;  for  it  is  the  minute  detail  of  the  effects  of  lightning 
that  we  are  jnost  in  want  of,  and  it  is  much  to  be  lamented 
that  our  data  on  this  momentous  topic  is  yet  so  scanty.  There 
is  nothing,  however,  in  this  letter  that  ccui  in  the  least  affect 
my  statements  regarding  the  electrical  principles  that  would 
be  brought  into  play  by  flashes  of  lightning  striking  vessels. 

W.  STURGEON. 


XLI.  On  Mr.  Snow  Harrises  Lightning  Conductors,  as 
applied  to  Shipping.  In  a  letter  to  the  Editor.  By  W. 
Prinole  Green,  Lieut.  RN. 

1,  James  Street  Adelphi,  July  18,  1839. 

Sir, 

An  important  epoch  has  arrived  in  practical  electricity  by 

the  Government  appointing  a  committee  to  determine  on  the 

subject  of  fixed  conductors,  fitted  to  the  masts  of  several  of 
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her  Majesty's  ships^  passing  through  the  hull  and  after-maga- 
zine. Having  in  the  year  1822,  on  the  scheme  being 
introduced  into  the  Navy,  by  order  of  the  Navy  Board, 
opposed  its  adaptation,  upon  incontrovertible  evidence,  I  am 
again  prepared  to  show,  its  being  an  ill- copied  plan  of  Mr. 
Marrot,  published  in  1812,  in  the  Naval  Chronicle,  Vol.  I, 
p.  201 ,  and  the  extreme  danger  of  such  conductors,  proved,  by 
experiment,  and  a  mass  of  electrical  phenomena ;  and  by 
my  representation  of  these  facts  the  then  existing  Board  of 
Admiralty  countermanded  the  N.  B's.  order.  As  this  plan  has 
been  introduced  into  the  Navy,  and  the  necessity  of  investi- 
gating a  matter  of  such  vital  importance  to  the  state  at  this 
time,  needs  no  comment:  as  t  do  not  believe  it  possible 
otherwise  than  by  a  perusal  of  the  account  of  experiments 
made  at  Plymouth ;  of  my  queries  and  experiments ;  and 
a  review  of  my  researches  during  35  years  in  every  quarter  of 
the  globe,  illustrated  by  drawings,  for  the  most  experienced 
theoretical  electrician  to  give  a  correct  decision.  I  am,  there- 
fore, desirous  to  put  you  in  possession  of  the  whole  of  this 
matter,  upon  which  I  take  my  stand.*  At  this  moment  the 
subject  acquires  a  great  interest  throughout  the  Naval  Ser- 
vice, and  very  gross  deception  has  been,  and  continues  to  be, 
practised  upon  that  service  and  the  public,  at  a  heavy  cost  to 
the  nation,  by  making  experiments  which  seems  to  demand 
the  protection  of  the  public  press. 

I  have  the  honour  to  be.  Sir, 

Your  obedient  servant, 

W.  PRINGLE  GREEN, 
Lieut.  R.  N. 


Lieut.  Greenes  Queries. 

1.  Will  not  the  superabundant  electric  fluid  from  the 
spindle  in  the  truck,  which  passes  six  inches  into  the  body  of 
the  mast,  explode  and  destroy  it  ? 

2.  How  is  the  spindle  to  be  substituted  when  the  top- 
gallant mast  is  on  deck,  which  is  generally  the  case  in  stormy 
weather,  the  cap  has  much  iron  about  it  this  being  the  highest 
point  ?  It  is  not  possible  to  place  the  sphidle  and  connecting 
copper  across  the  cap,  without  being  in  contact  with  much 
iron  about  it.  Will  not  this  iron  draw  off  the  fluid  and  cause 
an  explosion  ?    And  will  not  the  nails  in  the  copper  strips 

*  We  have  in  our  possession  much  valuable  information  on  this 
subject  from  Lieut.  Green,  but  only  give  a  few  of  that  Officer's 
queries  in  this  place.     Edit 
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do  so  ?  If  these  conductors^  such  as  the  proposed^  are  suffi- 
cient safeguards^  when  passing  through  a  ship,  how  is  it  that 
Heckenham  Poor-house  was  set  on  fire  though  it  had  eight 
of  the  largest  and  most  approved  conductors  placed  on  the 
outside ;  and  what  must  have  been  the  result  had  they  passed 
through  the  building?  As  conductors  can  be  surcharged, 
broken,  and  fused,  and  electric  fluid  becomes  sensible  in  the 
form  of  a  spark  upon  the  surface,  and,  as  it  has  been  shown 
by  experiment,  streams  of  flame  are  sometimes  conducted 
along  the  surface  of  a  conductor ;  are  not  these  facts  alone 
sufficient  proof,  that  it  is  dangerous  to  conduct  these  electric 
streams  through  a  ship's  powder  magazine?  When  the 
electric  fluid  is  sensible  m  the  form  of  a  spark  or  sparks,  or  in 
such  streams,  and  conveyed  by  the  conductor  to  the  inflam- 
mable air  in  the  bottom  of  a  ship,  will  it  not  cause  ignition  of 
this  imflammable  air  and  and  bum  the  ship  ?  Hydrogen  is 
put  into  a  gaseous  state  by  the  agency  of  electricity,  and  the 
bilge  water  would  be  decomposed  into  oxygen  and  hydrogen 
gas  and  instantly  blaze.  Will  not  the  electric  sparks  which 
form  upon  the  conductors  pass  off  to  the  iron  tanks  and  iron 
ballast,  and  may  it  not  explode  under  the  powder  magazine 
where  it  is  conveyed  by  iron  ballast  ? 

3.  How  is  it  to  be  presumed  that  conductors,  such  as  the 
proposed,  can  guard  a  ship  from  a  stroke  of  lightning  when  it 
IS  known  that  a  single  flash  fused  a  conductor  on  the  main- 
mast, shivered  the  foremast,  splinters  distant  parts  of  the 
deck,  and  a  sufficiency  of  the  electric  fluid  passes  down 
below,  destroying  bulk-heads  and  fusing  a  bar  of  metal  there. 
The  spare  topmasts  and  topgallant  masts  bein^  fitted  with 
conductors,  and  placed  in  the  centre  of  the  ship,  as  is  the 
custom  in  all  her  Majesty's  ships  between  the  fore  and  main- 
masts, pointing  both  to  the  quarter-deck  and  forecastle,  on 
which  the  omcers  and  crew  are  always  in  considerable 
numbers.  Will  not  these  people  be  killed  by  a  discharge 
from  these  longitudinal  conductors  ? 

4.  Should  the  conductor  convey  any  portion  of  the  fluid 
to  the  bolts  in  the  keel  touching  the  copper  sheets  on  the 
bottom,  will  it  not  pass  along  the  bottom  and  knock  off  the 
remainder,  and  will  not  these  bolts  be  driven  out  and  the 
keel  split  ?  What  will  be  the  expense  to  complete  the  Navv 
with  such  a  scheme  ?  Upon  a  very  moderate  estimate  it  will 
require  £500.  to  dock  and  complete  each  ship,  and  £300,000. 
be  required  to  complete  the  whole  Navy.  That  there  is  not 
the  smallest  difficulty  attending  the  hoisting  up  a  chain  con- 
ductor, it  is  a  fact,  for  one  man  and  a  boy  can  accomplish 
this ;  and  when  up  and  fastened  to  the  back-stays,  it  cannot 
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be  injured  though  it  remain  up  for  a  voyage.  In  what  does 
the  plan  differ  from  Mr.  Singer's,  proposed  nine  years  pre- 
viously, who  first  put  bolts  through  the  keel,  or  those  thirtv 
years  ago  in  use  in  the  French  Navy ;  both  being  abandoned 
by  the  inventors  as  chimerical  and  dangerous  in  the  extreme. 

As  long  back  as  Capt.  Cook's  being  at  Java,  in  the  En- 
deavour, in  1769,  the  dangerous  effects  of  spindles  in  the 
mast  of  ships  are  recorded  by  Mr.  Green  who  accompanied 
him.  During  a  storm  of  thunder  and  lightning  and  rain,  the 
mast  of  a  Dutch  Indiaman  was  split  and  destroyed  from  the 
spindle  to  the  deck.  So  great  was  the  shock,  that  consider- 
able fear  was  entertained  for  th^  safety  of  the  Endeavour,  as 
the  explosion  shook  her  like  an  earthquake;  proving  that  it  is 
not  only  the  ship  or  building  to  which  a  conductor  is  affixed, 
that  is  endangered,  but  all  for  a  considerable  distance  around. 
If  a  single  spindle  can  invite  so  powerful  and  dangerous  an 
agent,  how  much  greater  must  be  the  stroke  in  presence  of 
three  of  them  such  as  are  placed  in  the  masts  of  her 
Majesty's  ships,  in  ordinary  at  Plymouth.  A  link  of 
the  chain  conductor  such  as  used  at  sea  is  put  over  the 
massive  spindle  and  continued  to  the  water.  The  first  experi- 
ment made  was  to  prove  the  danger  of  such  a  scheme.  A 
model  being  produced,  and  the  spindle  exposed  to  an  ordinary 
discharge  of  the  fluid  from  the  battery,  the  chain  was  instantly 
fused  by  the  lateral  discharge,  and  the  mast  splintered,  prov- 
ing the  danger  of  the  plan,  and  that  the  strips  of  copper  of 
the  fixed  conductors  to  the  masts  of  ships  would  be  fused  from 
the  spindle. 

A  mast  thus  splintered  and  set  on  fire  would  involve  the 
ship  in  destruction.  It  has  been  asserted  by  the  suggester  of 
this  scheme,  that  although  the  fixed  conductor  had  been  cut 
through  by  a  saw,  or  a  break  made  in  it,  this  would  not  im- 
pede the  passage  of  the  fluid.  ^^  That  sparks  were  passed 
through  gunpowder  without  igniting  it,  and  that  electric  fluid 
is  always  transmitted  along  the  sumce  of  conductors." 

2nd,  Ex.  A  copper  conductor  was  passed  through  the 
centre  of  the  magazine  of  a  ship  fitted  after  the  plan  in  ques- 
tion, precisely  as  H.  M.  Ship  Java  was  f  tied,  with  the  ex- 
ception of  it  being  nailed  to  the  mast.  The  conductor  was 
cut  through  to  represent  the  break  said  to  be  made  in  the  one 
fixed  to  the  mast  of  the  cutter,  in  the  public  experiment^ 
powder  placed  near  to  the  frttcture,  in  a  shock  being  passed 
through  the  conductor  instantly  ignited.  A  greater  charge 
was  then  sent  through  the  conductor  which  was  instanUy 
melted,  globular  metal  being  produced.  Several  other  expe- 
riments were  made  to  exemplify  more  satisfactorily  ih%fusi(m 
of  conductors  by  lightning. 
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XLIII.     MISCELLANEOUS    ARTICLES. 

Letter  to  the  Editor  of  the  Annals  of  Electricity,  8fc.,  8fc, 
From  the  Rev.  N,  C  Allan,  Professor  of  Natural  Philosophy. 

Majmooth  College,  Nov.  11,  1839. 
Llear  t^iTf 
I  have  read,  within  the  last  week,  a  letter  from  Professor 
Forbes,  of  Aberdeen,  to  Dr.  Faraday,  in  which  he  states  that 
Mr.  Davidson,  of  Aberdeen,  has  been  eminently  successful 
in  the  production  of  a  moving  power  by  electro-magnetism ; 
and  that  Mr.  Davidson  "  is  the  first  who  employed  the  electro- 
magnetic power  in  producing  motion  by  simply  suspending 
the  magnetism  without  a  change  of  the  poles.  This,  he  says, 
Mr,  Davidson  accomplished  about  two  years  ago."  I  believe 
I  may  &irly  dispute  Mr.  Davidson's  claim  to  be  the  first  who 
employed  that  method  of  applying  electro-magnetism  as  a 
moving  power.  It  is  about  two  years  since  I  first  constructed 
an  electro-magnetic  engine  for  the  production  of  motion,  in 
which  there  was  no  reversion  of  the  poles  of  the  magnets,  but 
only  a  suspension  of  their  magnetism.  In  a  letter  of  mine, 
dated  February  20,  1838,  and  published  in  the  Annals  of 
Electricity,  on  the  first  of  April,  m  the  same  year,  I  refer  to 
three  difierent  electro-magnetic  engines  which  I  had  then 
made.  In  one  of  these  there  was  no  reversion  of  poles ;  but 
only  a  suspension  of  the  magnetism.  I  have  smce  made 
several  engines  on  the  same  principle.  I  made  one  in  August, 
1838,  for  the  Right  Rev.  Dr.  Carew,  Coadjutor,  Bishop  of 
Madras,  which  he  brought  with  him  to  India,  for  the  use  of 
his  Seminary.  In  this  there  were  two  magnets ;  the  motion 
was  produced  not  by  a  reversion  of  poles,  but  by  a  suspension 
of  the  magnetism.  In  the  commencement  of  the  present 
year,  I  made  one  on  the  same  principle  for  the  College.  It 
worked  very  w^ll,  although  it  contained  only  a  single  magnet: 
it  was  exhibited  to  my  class  last  February.  Within  the  last 
two  years  I  have  made  a  great  variety  of  machines  for  the 
production  of  motion  by  electro-magnetism.  In  some  of 
these  the  poles  were  reversed ;  in  others,  the  magnetism  was 
only  suspended ;  and  in  others,  the  magnetism  was  constantly 
mamtained.  In  some  the  motion  produced  by  the  magnetic 
force  was  rectilinear,  and,  of  course,  a  crank  was  employed  to 
convert  the  rectilinear  into  a  curvilinear  motion :  in  others,  a 
rotary  motion  was  directly  produced  by  the  magnets.  The 
crank  engines  difiered  from  all  the  crank  engines  of 
which  I  have  seen  any  description,  in  this  respect,  that  the 
length  of  the  stroke  might  be  ten  or  twenty  feet  if  necessary. 
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withoat  any  diminution  of  the  moving  power  of  the  magnets. 
The  immediate  publication  of  the  results  of  my  experiments 
would  be  premature  as  some  still  remain  to  be  made.  [ 
intend  soon  to  make  an  engine  of  considerable  power.  My 
experiments  give  me  every  reason  to  think  that>  with  a  given 
battery,  the  moving  force  of  each  magnet,  in  that  machine, 
will  be  at  least  eight  or  ten  times  as  great  as  it  would  be  if 
the  magnet  were  placed  in  an  engine  constructed  on  the  plan 
of  Professor  Jacobi.  I  do  not  know  the  plan  of  Mr.  Davidson, 
and  therefore  cannot  compare  it  with  mine.  The  moving 
force  which  he  obtained  appears  to  me  very  small,  when  I 
consider  the  size  of  the  battery  employed.  However,  that 
may  have  arisen  from  a  defect  in  the  construction  of  the 
machine  rather  than  from  any  defect  in  his  plan.  He  cer- 
tainly deserves  encouragement.  I  agree  with  Professor 
Forbes  that  "it  would  be  much  for  the  interest  of  railroad 
proprietors,**  and  still  more  for  the  interest  of  companies  who 
use  stationary  engines,  to  take  up  the  subject;  and  to  incur 
the  expense  of  making  experiments^  on  a  large  scale,  on  the 
best  method  of  applying  electro-magnetism  to  the  working  of 
machinery,  t  am  fiiTly  convinced  by  the  experiments  of 
Professor  Jacobi  and  of  Mr^  Davidson^  and  still  more  by 
my  own,  that  electro-magnetism  will  ere  long  be  substituted 
for  steam.  I  intend  to  send  you,  as  soon  as  convenient,  an 
account  of  the  principal  experiments  which  I  have  made  for 
the  purpose  of  ascertaining  the  best  means  of  employing 
electro-magnetism  as  a  moving  power. 

I  have  the  honour  to  remain. 

Your  very  obedient  humble  servant, 

N.  CALLAN. 


Method  of  distinguishing  the  jirsenurefted^  from  the  Anti^ 
moniuretted  Hydrogen  Gas.    By  Professor  Max. 

The  metalluretted  hydrogen  ^a&  for  examination  bein;^ 
ignited  at  a  jet,  a  piece  of  porcelam  is  held  oveir  it  till  a  daa*k 
speck  is  produced.  The  speck  is  then  moistened  with  a  drop 
of  nitro-muriatic  acid.  Then  by  adding  a  drop  of  the  aque- 
ous solution  of  sulphuretted  hydrogen  a  precipitation  takes 
place.  If  the  tested  gas  be  arsenuretted  hydrogen  the  preci- 
pitated substance  is  of  a  pure  yellow  colour :  but  if  it  be 
antimoniuretted  hydrogen  the  precipitated  substance  is  of  a 
deep  orange  colour.  The  difference  of  colour  is  so  distinct 
that  no  one  can  mistake  the  one  from  the  other.  The  whole 
process  is  exceedingly  simple  and  may  be  performed  in  a  few 
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minutes.     Poggendorff^s  Annallen  des  Physic  and  Chemie, 
No.  3,  1838. 

The  following  method  has  lately  been  given  by  Mr.  Marsh. 
The  piece  of  glass  or  porcelain  intended  to  receive  the  metal- 
lic crusts  is  to  have  a  drop  of  distilled  water  placed  on  it : 
and  then,  with  the  drop  of  water  on  the  lower  surface,  held  a 
little  above  the  apex  of  the  cone  of  flame  of  the  burning  gas 
which  is  issuing  from  the  jet.  If  arsenic  be  the  metal  in  the 
hydrogen,  arsenical  acid  formed  by  this  process  is  dissolved 
by  the  drop  of  water,  and  is  is  easily  detected  by  a  drop  of 
the  ammoniacal  nitrite  of  silver,  which  immediately  produces 
the  arsenite  of  oxide  of  silver,  which  is  of  a  lemon  yellow 
colour.  If  antimony  be  the  metal  in  combination  with  the 
hydrogen  gas  under  examination,  no  such  result  is  produced 
by  this  process.  When  much  arsenic  is  present  it  will  be 
advantageous  to  employ  a  clean  glass  tube,  about  six  inches 
long,  and  slightly  moistened  inside  with  distilled  water. 
The  tube,  thus  prepared,  is  to  be  held  vertically  over  the 
flame  of  the  burning  ^as,  and  a  strong  solution  of  the  sub- 
stance is  soon  obtained,  which  may  be  tested  as  before  stated. 


My  dear  Sir, 

Your  correspondent,  C.  Barker,  Esq.,  has  noticed  my  ques- 
tion in  your  Annals  for  June  1836,  respecting  the  spotted  jar. 
If  he  did  not  observe  the  appearance  of  the  sparks  as  I  then 
stated,  it  is  possible  I  may  have  been  mistaken  ;  it  is  many 
years  ago  since  I  noticed  what  I  remarked.  To  save  the 
trouble  of  fixing  spots  on  the  inside  of  a  Leyden  jar,  1  lined 
it  with  plain  tinfoil,  and  on  the  outside  fixed  very  small  spots 
the  size  of  those  used  for  spiral  tubes.  Now,  the  pieces  of 
tinfoil  being  so  diminutive,  they  could  hold  but  a  small  por- 
tion of  electricity,  and  therefore  the  spark  might  be  almost 
imperceptible.  I  regret  not  having  leisure  to  try  another  jar 
lined  with  plain  tinfoil,  for,  if  it  answers,  a  great  saving  of 
trouble  is  effected. 

I  feel  greatly  obliged  to  Mr.  Barker  for  reminding  me  of 
this  circumstance,  as  it  gives  me  an  opportunity  of  correcting 
a  mistake ;  and  also  for  the  valuable  mformation  contained 
in  his  letter  inserted  in  the  last  No.  of  your  Annals.  His 
recommendation  of  an  insulated  stand  is  well  deserving  the 
attention  of  all  experimenters ;  1  have  used  it  for  several  years 
to  exhibit  the  electric  fly,  orery,  dancing  figures,  &c.  but 
lately  it  occurred  to  me  that  a  resinous  plate  about  12  inches 
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in  diameter,  and  a  third  of  an  inch  thick,  will  answer  all  the 
purposes  of  an  insulated  stand. 

Mr.  Barker  enquires  how  to  line  the  inside  of  large  carboys, 
to  make  them  Leyden  jars,  which  you  have  informed  him, 
but  I  think  he  will  find  that  although  green  glass  does  very 
well  for  electrical  machines,  it  will  not  answer  for  Leyden 
jars;  I  once  constructed  a  battery  of  them  which  proved 


I  am. 

Very  truly  yours, 

J.HARPER 
Oxfordy  Dec.  26,  1839. 
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OF 

ELECTRICITY,    MAGNETISM, 
AND   CHEMISTRY; 

<Suarbmtt  of  Experimental  ^dente^ 


MARCH,   1840. 


Coniideratians  on  Chemical  Forces ;  By  M.  Gat  Lussac— 
First  Memoir  oh  Cohesion.* 

I  purpose  presenting,  successively,  in  several  memoirs,  some 
reflections  on  affinities;  this  subject  appears  to  me  one  of 
CTeat  interest,  but  it  is  very  difficult  and  in  entering  upon  it 
I  should  wish  to  reckon  upon  the  indulgence  and  favorable 
concurrence  of  chemists. 

In  the  year  1718,  a  time  when  chemistry  was  yet  obscure, 
GeoffiH>y,  the  elder,  endeavoured  to  classify  bodies  according 
to  the  chemical  relationship  observed  between  them.  He 
established  the  proposition,  that,  whenever  two  substances 
which  have  a  disposition  to  join  together ^  are  found  in  con^ 
nexion,  if  a  third  which  has  a  greater  inclination  for  one  of 
thenij  approach^  it  will  unite  to  that,  and  cause  it  to  abandon 
the  other. 

For  the  support  of  tiiis  proposition,  Geofiroy  made  a  very 
simple  table  of  the  relationship  between  the  different  sub- 
stances, then  known.  It  is  printed  in  the  Memoirs  de  VAcadC' 
mi  royak  des  Sciences,  for  the  year  1788,  page  202;  but  I 
thought  it  would  be  interesting  to  reproduce  it  here,  as  a 
historical  monument,  such  as  Geoffiroy  has  given,  replacing 
the  chemical  symbol  of  each  substance  by  its  proper  name. 


k*  From  the  Compte  Rendus ;  translated  by  J.  H.  Lang,  Esq. 

Vol.  IV.— No.  23,  March,  1840.  kk 
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TTie  substance,  at  the  head  of  each  coluran,  is  compared  with 
those  beneath  in  a  decreasing  order  of  affinity.  Thus,  in  the 
first  column,  ardent  spirits  for  acids)  have  a  greater  affinity 
for  fixed  than  for  volatile  alkali  salt,  absorbing  earths,  and 
metallic  substances.  In  the  fourth  column,  it  is  the  oily 
principle,  or  primitive  which  has  the  greatest  affinity  for  the 
sulphuric  acid  :  afterwards  come  the  fixed,  and  volatile  alkali 
salts,  alkali  salt,  absorbing  earths,  iron,  copper,  and  silver* 

Examining  the  diflferent  relations  expressed  in  each  column 
of  the  table,  we  perceive  that  Geoffiroy,  has  confounded  the 
effects  of  affinity,  which  ought  to  have  been  separated  from 
one  another,  and  has  compared  some  things  which  are  not 
comparable.  Thus  the  decomposition  of  sulphuric  acid  by 
the  pretended  primitive  sulphur,  iron,  copper,  and  silver, 
cannot  be  assimilated  to  the  affini^  of  this  acid  for  their  bases. 
But  this  is  not  surprising,  as  in  the  time  of  Bergman,  half  a 
century  later,  the  same  confusion  still  existed.  Geoffrey,  had 
not  accompanied  hrs  table  with  any  explanation,  he  was 
limited  in  making  the  application  of  it  to  the  preparation  of 
corrosive  sublimate  by  several  processes,  and  he  has  done  it  in 
a  tolerably  successful  manner.  Geoffrey's  table,  notwith- 
standing its  imperfections,  is  a  fine  conception ;  it  is  also  the 
first  progress  made  in  philosophical  chemistry. 

It  appears  that  for  some  time  but  little  importance  was 
attached  to  Geoffrey's  table  of  relations.  Subjected  to  se- 
veral disturbing  causes  which  often  made  them  vary,  they  were 
considered  as  vague,  indeterminate,  and  entirely  dependent 
upon  circumstances. 

But  Bergman,  thinking  that  all  the  operations  of  chemistry, 
synthesis  or  analysis,  were  founded  upon  attractions  which 
were  not  understood,  because  they  were  subjected  to  certain 
conditions,  which  incited,  stopped,  or  disturbed  them,  at  last 
drew  the  attention  and  interest  of  chemists  to  the  causes  of 
chemical  phenomena,  and  his  dissertation,  De  affinilatihuw 
ehctivisy  published  in  1775,  also  fixed  a  remarkable  epoch  in 
the  history  of  the  sciences. 

Bergman  distinguished  in  a  body  the  attraction  of  similar 
molecules,  which  he  designated  by  the  name  of  attraction  of 
aggregation;  and  the  attraction  of  heterogeneous  molecules, 
which  he  calls  attraction  of  composition  ;  when  this  acts  so 
that  one  substance  displaces  another  in  a  compound,  it  then 
takes  the  name  of  simple  elective  attraction ;  and  if  it  act 
between  two  compounds,  whose  elements  may  be  reciprocally 
changed,  it  takes  that  of  double  elective  attraction. 

Notwithstanding  the  opinion  which  some  chemists  had  of 
the  inconstancy  of  affinities,   Bergman  appeared  to  consider 
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tliem  as  absolute,  determined  forces,  but  whose  effects  could  be 
modified  by  certain  causes,  the  influence  of  which  he  often 
appreciated  in  an  ingenious,  though  sometimes  very  incom- 
plete manner. 

The  first  of  these  causes  he  found  in  the  difference  of 
YolatiUty  of  substances  presented  in  the  same  sphere  of  action* 
Bergman  conceived  that  the  difference  in  the  affinity  of  two 
substances  for  a  third,  at  a  given  temperature,  miffht  be  more 
than  compensated  at  a  higher  temperature,  by  a  difference  of 
volatility  in  favour  of  the  substance  which  had  less  affinity 
than  the  other,  but  more  fixity. 

Before  Bergman,  the  results  of  the  affinity  between  three 
substances  were  confounded  with  those  in  which  there  were 
four,  that  is,  the  products  of  the  simple  elective  affinities  with 
those  of  the  double  affinities ;  and  as  they  are  really  very  dif- 
ferent, an  objection  was  raised,  from  this  circumstance  being 
badly  comprehended,  to  the  theory  of  affinities.  Thus,  from 
the  table  of  Geoffrey,  fixed  alkalies  have  a  greater  affinity 
than  lime  for  acids,  since  in  fact  they  separate  it  from  the 
gypsum.  However,  it  is  said,  that  if  we  dissolve  chalk  in 
aquafortis,  and  add  a  solution  of  vitriolated  tartar,  the  gypsum 
regenerates  immediately ;  a  proof  that  the  calcaneus  matter 
here  manifests  a  greater  power.  Bergman  remarks  with  pro- 
priety, that  the  two  circumstances  are  very  different,  since  in 
one  there  are  only  three,  while  in  the  otner,  there  are  four 
substances  present.  He  explains  the  reproduction  of  the 
^rpsum  in  the  mixture  of  nitrate  of  chalk  with  sulphate  of 
potassa,  from  the  double  elective  affinities,  conceiving  the 
sum  of  the  two  active  affinities  to  be  greater  than  that  of  the 
quiescent.  The  explanation  is  certainly  ingenioUs,  but  at 
present  it  is  not  enough. 

The  effects  of  affinity  may,  according  to  Bergman,  be 
further  disguised,  and  the  theory  blamed,  by  unexpected 
alterations  in  the  substances  present: — ^for  example,  nitric 
acid  separates  marine  acid  from  its  alkaUne  base,  a  lact  which 
has  been  known  for  some  time ;  but  M ayraf  has  discovered 
that  marine  acid  can,  in  its  turn,  displace  nitric  acid  in  salt- 
petre. While  ignorant  of  the  true  nature  of  marine  acid,  says 
Bergman,  this  reciprocal  displacement  of  one  acid  by  another 
has  escaped  all  explanation ;  but  now  we  know  that  marine 
acid  contains  some  phlogistic,  all  difficulty  vanishes.  Nitric 
acid  displaces  muriatic  by  simple  affinity ;  the  latter  yields  its 
phlogistic  to  the  nitric  acid,  whether  it  be  free  or  combined 
with  a  base,  and  hence  their  reciprocal  displacement  becomes 
the  consequence  of  this  alteration.  It  is  also  thus  that  white 
arsenic  (arsenious  acid)    decomposed  by   distillation    salts 
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fNtnedbynitrk^butnottbosefonnedbyiiiirine  acid,  because 
tbey  also  contained  a  certain  quantity  of  phlogistic* 

oergman  equally  well  explains  the  anomalies  of  decompo* 
sition  due  to  solubdity.  It  nappens,  says  this  illustrious  coe- 
mist,  that  at  first  no  trace  of  decomposition  appears,  though 
it  has  really  taken  place ;  thus  vegetable,  displaces  mineral 
alkali  from  its  combination  with  acids,  although  we  perceive  no 
conglomeration,  no  precipitate ;  this  circumstance  nas  caused 
some  celebrated  chemists  to  conclude  that  vegetable,  has  no 
power  over  mineral,  alkali.  But  let  us  suppose  that  a  little  of 
this  latter  has  been  eliminated,  is  it  separated  ? — certainly  not ; 
it  remains  in  solution :  for  if  we  evaporate  it  we  shall  obtain 
cryHaUized  mineral  alkali,  with  which  we  could  produce 
Glauber's  salts  or  quadrangular  nitre. 

I  shall  here  conclude  th^  quotations.  They  are  sufficient 
to  shew  that  Bergman  has  deeply  stucUed  the  theory  of  affini- 
lies,  and  enriched  it  with  numerous  and  useful  observations. 
What  he  says  of  simple  elective  affinities  is  in  eeneral  exact* 
The  imper^tions  that  we  remark  in  it,  extend  even  to  the 
state  of  the  science,  still  uncertain  and  often  obscure  in  its 
march;  and  perhaps  the  Chemical  Statics  has  made  us  too 
quickly  forget  the  real  services  Bergman  has  rendered  to  philo- 
sophical chemistry. 

In  what  concerns  double  dective  affinities,  with  the  equili- 
brium of  active  and  quiescent  forces,  Bergman  has  certainly 
shewn  great  clearness:  his  explanations  are  seducing;  but 
he  has  not  understood  tbe  correct  explanation  of  the  precipi- 
tates, obtained  by  the  concourse  of  double  affinities. 

Bergman,  in  imitation  of  Geoffiroy,  has  explained  notbinj^ 
concerning  the  measure  of  affinities,  and  he  was  right.  This 
question  is  even  now  a  delicate  one,  and  not  at  idl  easy  of 
access.  He  has  confined  himself  to  arranging  the  bodies  by 
their  greater  or  less  affinity* 

Such  were  the  ideas  of  Bergman  on  affinities,  which  were 
prevalent  'till  BerthoUet  published  his  researches  on  affinity, 
and  his  Chemical  Statics^  but,  they  were  then  eclipsed  by  m^ 
great  eclat  thrown  on  these  two  productions. 

Berthollet,  in  the  study  of  affinities,  was  engaged  with  two 
princ^al  ideas :  the  influence  of  the  force  of  cohesion  in  che* 
mical  phenomena,  and  the  proportion  of  affinities,  which  he 
thought  to  find  in  the  mass  of  bodies  that  enter  into  com- 
bination. 

According  to  this  illustrious  chemist,  cohesion  or  reciprocal 
attraction  of  similar  molecules  is  a  powerful  force  which  can 
balance  the  affinity  of  hetero^neous  molecules,  and  determine 
eombinations  and  decompositions* 
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It  does  not  exist  at  the  time  it  shows  its  effects  only,  bat 
even  a  long  time  before  it  becomes  effective.  He  shews 
from  this  analogy,  that  as  soon  as  a  liquid  becomes  gaseous^ 
and  a  gas  liquid,  the  dilation  of  the  former,  already  influenced 
by  the  gaseous  state  it  is  about  to  take,  and  the  contraction 
of  the  second,  influenced  by  the  liquid  or  solid  state  it  ia 
taking,  follow  a  jirogression  more  rapid  than  the  greatest  dis- 
tance of  this  term.  But  this  argument  of  Bergman  for  the 
establishment  of  the  influence  of  cohesion,  some  time  before 
its  effects  are  manifested,  remains  without  foundation,  when 
we  consider  that  there  is  no  unioue,  constant  point  for  the 
change  of  a  liquid  into  an  elastic  nuid,  and  reciprocally;  but 
on  the  contrary,  this  change  is  incessant  at  all  temperatures 
and  under  all  pressures. 

Whatever  opinion  others  may  form  from  Berthollet's  de- 
monstration, it  is  suflBcient  for  me  to  state  that  he  adopts  the 
pre-existing  influence  of  cohesion,  and  that  be  has  made  it 
enter  into  all  the  precipitations  and  chemical  solutions.  The 
affinity,  says  he,  which  ma^^  produce  the  solid  state,  ought  to 
be  considered  as  a  force  which  not  only  acts  when  the  solidity 
appears,  but  even  before  that  time ;  so  that  every  time  he 
produces  a  solid  substance,  whether  by  separation  or  combi- 
nation, we  must  look  in  the  reciprocal  action  of  the  parts 
which  acquire  solidity  for  the  cause  itself  which  produced  it, 
although  it  may  not  be  manifested  before. 

The  theory  of  decompositions  has  received  from  Berthollei 
unexpected  improvements.  We  are  indebted  to  him  for  the 
principle  that  the  change  of  acids  and  bases  between  two  salts 
takes  place,  every  time  the  salts  proceeding  from  the  change  or 
only  one  of  them,  have  less  solubility  than  the  given  salts. 
This  principle  is  of  a  fortunate  fertility,  and,  we  may  say,  con- 
stitutes one  of  the  finest  acquisitions  of  chemistry.  But  Ber- 
thollet  taking  cohesion  for  the  first  cause  of  double  decom- 
position, does  not  appear  to  me  to  have  given  the  true  demon- 
stration of  it.  He  supposes  it  is  the  cohesion  of  the  salts 
not  yet  existing,  which  nevertheless  determines  their  formation^ 
and  this  supposition  is  inadmissible.  For  if  we  can  agree 
with  him  that  the  cohesion  besins  to  act  in  the  solution  of  a 
salt  before  the  time  of  crystaOization,  there  is  no  more  of  it 
even  when  the  salts  do  not  exist  any  longer,  as  in  the  case 
of  the  mixture  of  two  saline  solutions* 

Bergman  supposed  that  affinity  was  an  absolute  force,  ad- 
mitting no  division  in  its  effects,  and  had  only  established 
among  bodies  a  relative  affinity.  BerthoUet,  on  the  contrary 
Relieved  that  affinity  was  not  used  in  an  absolute  manner,  witlv- 
out  division ;  that  thus  a  base  in  the  presence  of  two  acida 
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did  not  exchisively  combine  with  the  most  powerful,  as  Ber^« 
men  thought ;  but  tliat  it  divided  itself  between  the  two  m 

Soportion  to  their  affinity  and  quantity.  Hence  the  principle  of 
erthollet,  thcU  the  affinity  of  different  acids  for  the  same  alha-^ 
Une  base^  is  in  the  inverse  proportion  to  the  ponderable  quan- 
tity of  each  of  theniy  which  is  necessary  for  the  netUralisation 
of  an  equal  quantity  of  the  same  alkaline  base.  At  present, 
and,  I  may  say,  for  some  time  past,  this  measure  of  affinity  has 
beeu  abandoned ;  At  the  time  BerthoUet  wrote  his  Statique 
chimique^  the  atomistic  theory  was  but  little  understood,  and 
some  years  later,  BerthoUet  would  certainly  not  have  pro- 
posed a  method  of  measuring  affinity  that  gives  nothing  else 
but  the  atomic  weights  or  equivalents,  which  we  know  to  be 
independent  of  chemical  attractions,  or  at  least  to  have  but  very 
distant  connexions  with  tiiem.  1  hope  hereafter  to  be  able  to 
return  to  this  subject,  as  well  as  to  the  division  of  one  sub- 
stance between  two  antagonists.  For  the  present  I  shall  con- 
fine my  observations  to  me  force  of  cohesion,  since  it  is  mad6 
to  take  so  large  a  share  in  most  chemical  phenomena,  and  as  it 
is  of  the  utmost  importance  to  the  better  appreciating  its  real 
influence. 

The  attraction  of  hetreogeneous  molecules  has  been  rightiy 
distbguished  after  Bergman,  from  that  of  homologous  or  sim- 
ilar molecules,  which  has  also  been  designated  by  the  name 
of  aggregation,  and  since  BerthoUet,  by  cohesion.  These  two 
forces  have,  without  doubt,  the  same  origin,  but  not  appearing 
to  liave  any  common  tie  in  different  bocueF,  their  effects  could 
not  be  confounded. 

Cohesion  itself  takes  different  names  from  the  lights  in 
which  we  consider  it.  It  is  caUed  tenacity^  when  weight  or 
force  is  opposed  to  it  for  determining  the  rupture  of  a  body* 
It  is  caUed  hardness,  when  taken  for  the  resistance  one  body 
offers  to  another  with  which  we  wish  to  cut  it.  Tenacityy 
and  hardness  are  evidently  cohesion  itself ;  or  at  least  they  both 
essentiaUy  depend  upon  it.  Bodies  which  have  the  most  tenar 
city  are  also  generally  those  which  have  the  greatest  hardness 
or,  according  to  our  notions,  the  most  cohesion.  Nevertheless 
this  ought  only  to  be  understood  of  uncrystallized  bodies,  be- 
cause, for  crystaUized  bodies,  there  exists  an  easy  cleavage, 
and  we  can  very  weU  conceive  that  there  may  exist  notable 
differences  between  hardness  and  tenacity,  according  to  the 
direction  of  the  rupture  and  separation  of  the  particles. 

Comparing  among  themselves  the  three  states  which  tiie  same 
body  can  take,  we  have  been  led  to  make  each  of  these  states 
depend  on  the  relation  of  the  peculiar  cohesion  of  the  mole- 
cules of  this  body  to  their  repulsion.     It  is  very  certain  that 
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in  solids  the  cohesion  is  the  greatest ;  in  liquids  it  is  much  lesB, 
but  it  is  always  something,  since  there  is  no  liquid  which  does 
not  take  the  globular  form,  and  that  a  drop  suspended  from 
a  solid,  may  be  divided  into  two  parts,  of  whicn  the  lower 
adheres  to  the  higher,  notwithstanoing  die  weight  which  in- 
clines it  to  fall. 

The  word  cohesion^  in  a  chemical  point  of  view,  is  taken 
under  another  acceptation.  Here  the  action  is  complex ;  the 
body  to  be  dissolved  and  the  solvent  are  both  present,  and 
each  acts  on  the  other.  The  resistance  the  one  offers  to 
the  other  is  called  insolubility^  which  must  never  be  taken  but 
in  a  relative  sense.  This  resistance,  let  us  now  say,  insolubility, 
depends  essentially,  according  to  the  establish^  beliei^  both 
on  the  cohesion  or  reciprocal  attraction  of  the  similar  mole- 
cules of  the  body  to  be  dissolved,  and  its  affinity  for  the  solvent 
we  present  to  it.  So  that  it  is  supposed,  if  the  body,  instead 
of  being  solid,  were  liquid,  the  solvent  woidd  take  a  much  more 
considerable  quantity  of  it. 

This,  if  I  mistake  not,  is  the  opinion  commonly  formed  of 
chemical  cohesion  and  solution.  r>}ot  beinff  able  to  divide  it 
nicely,  and  proposing  to  discuss  it,  I  thought  I  ought  here  to 
introduce  these  details,  which  their  shortness  will  virithout 
doubt  excuse.  The  progress  of  science  brings  daily  new  modi- 
fications into  our  ideas,  and  it  is  very  necessary  to  fix  the 
starting  point  of  a  discussion,  if  we  wish  it  to  lie  clear  and 
useful. 

But  before  treating  of  cohenon  with  regard  to  its  influence 
m  chemical  phenomena,  I  shall  allow  myself  to  turn  my  atten- 
tion to  a  physical  operation  which  aJso  appears  connected 
with  cohesion,  and  appears  to  me  veiy  proper  to  throw  light 
on  the  method  of  influence  of  this  force,  I  speak  of  volatil^a- 
tion. 

I  suppose  a  volatile  body,  able  to  present  itself  under  the 
solid  and  liquid  forms  withm  the  Umit  of  temperature  acces- 
sible to  observation ;  water  for  instance.  If  tne  elastic  force 
of  its  steam  be  determined,  starting  from  20  below  zero,  at 
which  it  is  solid  and  possesses  a  great  cohesion,  we  find  that 
the  progression  of  this  elastic  force,  is  no  way  affected  by  the 
passage  from  the  solid  to  the  liquid,  or,  reciprocally,  from 
that  part  of  the  liquid  to  the  solid  state,  that  is  to  say^  that 
the  elastic  force  of  ice  at  zero  is  precisely  the  same  as  that 
of  water,  at  the  same  temperature ;  a  sinular  observation  for 
every  other  degree  of  the  Uiermometer  at  which  we  can  find 
water  at  the  same  time  in  the  solid  and  liquid  state,  the  elastic 
force  of  steam  will  remain  the  same  for  tx>th;  and,  however, 
without  exacdy  deciding  the  degree  of  cohesion  of  ice,  in  com- 
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parison  with  tbat  of  water,  we  may  admit  that  it  is  iiicomp»> 
rably  greater,  perhaps  more  than  a  thousand  times. 

Tois  observation  which  struck  me  some  time  ago  I  have 
Terified  on  hydrocyanic  acid,  which  we  know  solidifies  at  about 
15  below  zero  and  still  preserves  a  very  great  volatdity.  The 
progression  of  the  elastic  force  of  its  steam,  has  been  no 
way  affected  at  the  time  of  the  change  of  state ;  and  this 
result  may  be  considered  as  general. 

Hence  there  is  no  relationship  between  the  cohesion  or 
attraction  of  the  molecules  of  a  body  and  their  repulsive 
force;  the  one  is  consequently  quite  independent  of  the 
other  and  the  elastic  force  of  steam  is  only  aetermind  by  the 
number  of  molecules  able  to  maintain  themselves  in  a  gas- 
eous state,  in  a  limited  space  at  a  given  temperature. 

However  when  we  consider  that  salt  water  produces  a 
steam  whose  tension  is  less  than  that  of  pure  water,  at  tlie 
same  temperatures,*  a  result  which  can  only  be  explained 
by  an  affinity  of  the  aqueous  for  the  saline  molecules,  we  may 
ask,  in  assimilating  this  affinity  to  that  of  water  for  its  own 
molecules,  if  the  space  above  a  surface  of  water  is  really  satu* 
rated  with  steam,  that  is  to  say,  if  the  eauililnium  established^ 
the  least  cooling  of  the  steam  taken  nrom  the  action  of  the 
water,  die  least  reduction  of  ^ace  would  not  occasion  the 
precipitation  of  a  certain  quantity  of  steam ;  or  whether,  for 
the  same  space  above  salt  water,  the  saturation  is  not  com* 
plete,  so  that  the  steam  taken  from  the  action  of  the  liquid 
might  be  cooled  or  reduced  in  volume  within  certain  limits, 
wiUiout  the  least  precipitation  of  its  molecules.  1  am  dis- 
posed to  believe  that  the  space  above  pure  water  becomes 
completely  saturated  with  steam,  from  the  consideration  that 
the  oifference  of  the  attraction  of  the  molecules  of  ice  among 
themselves,  to  that  of  the  molecules  of  water,  avaib  nothing 
in  the  elastic  force  of  the  steam  of  each  of  these  bodies,  taken 
at  the  same  temperature.  Nevertheless,  the  experiment  does 
not  appear  to  me  less  interesting  to  try,  and  although  very  deli- 
cate, I  propose  to  prepare  for  we  execution  of  it. 

The  observation  that  the  elastic  force  of  a  body  remains 
constant  at  the  instant  of  the  change  between  the  liquidity 


*  It  his  been  pretended  that  the  stream  which  comes  from  an  aqaeoos  saline 
solution,  boiling  later  than  water  (at  1 10*  for  instance)  was  always  at  100*. 
This  is  a  veiy  great  error ;  steam  has  always  the  same  temperature  as  the  last 
li4iaid  bed  it  trarerses  |  but  what  has  caused  the  deception  is,  that  steam,  as 
also  cfery  other  elastic  fluid,  cools  ?ery  rapidly  until  the  time  of  their  condensa- 
tion, when  the  cooling  is  more  powerfully  compensated  by  the  liberation  of 
their  latent  caloric. 
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nod  solidity,  doubtless  clashes  with  the  received  ideas  relative 
to  the  molecular  constitution  of  each  of  these  states ;  but  it 
would  not  oppose  them  less  even  if  we  derived  from  it  the 
consequent,  tnat  molecular  attraction  is  the  same  for  a  liquid 
as  for  a  solid  at  the  instant  of  the  change  of  state ;  for  this  is 
accompanied  with  variations  as  much  in  the  volume  of  the 
body  as  in  its  quantity  of  caloric,  which  appears  to  announce 
a  great  alteration  in  its  molecular  constitution.  And  whether 
the  molecules  in  taking  the  solid  state,  are  only  caused  to 
approach;  whether  they  are  placed  together  otherwise;  or 
finally  whether  they  unite  in  small  geometrical  groups  which, 
by  their  arrangement,  would  modify  the  volume  of  the  body; 
results  all  of  which,  depend  necessarily  on  another  mode  of 
action  in  the  molecular  forces ;  at  least  it  is  certain  from  our 
scientific  analogies,  that  they  are  then  in  very  different  con- 
ditions from  what  they  were  before  the  change,  and  it  is  still 
very  remarkable  that  their  elastic  force  is  indifferent  to  all 
these  pertubations. 

These  preliminaries  established  (and  I  consider  them  of 
great  importance  from  their  connexion  with  the  principal 

auestion  which  I  have  started')  I  shall  turn  my  attention  to 
le  effects  of  cohesion,  and  foUow  them  up  more  particularly 
in  solutions. 

We  will  look  for  some  bodies  uniting  the  double  condition 
of  being  soluble  in  a  solvent,  and  of  being  able  to  appear 
solids  and  liquids  within  accessible  limits  of  temperature  for 
the  determination  of  their  solubility. 

Among  salts  I  do  not  know  of  any  which  combine  these 
two  conditions. 

Among  acids,  I  thought  camphoric  acid,  of  which  we  find 
a  table  of  solubility  in  Berzelius,  from  Brandes,  wonld 
furnish  me  with  an  example  of  solubility  under  the  desired 
conditions ;  and  in  fact  this  acid  whose  fusibility  is  given  at 
63^,  appeared  to  show  a  solubility  above  and  below  this 
point,  which  was  subject  to  a  law  of  regular  continuity.  But 
wishing  to  repeat  these  experiments  of  Brandes  wiui  some 
camphoric  acid,  such  as  is  obtained  from  M.  Leibey,  I  per- 
ceived that  this  acid  would  not  fuse  even  at  300^,  and  conse- 
quently I  abandoned  it. 

Among  inflammable  bodies,  cetine,  parafBne,  fat  solid  acids, 

E resent  no  anomaly  in  their  solubility  m  alcohol  while  passing 
•om  the  solid  to  the  liquid  state ;  the  progression  in  propor- 
tion as  the  temperature  increases  is  perfectly  continuous  and 
regular.  I  shall  give  by  and  by  these  different  solubilities, 
regretting,  much,  that  I  have  not  among  the  salts  more 
conclusive  examples. 
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But  the  cohesion  of  these  different  bodies  while  they  aie 
solid  being  greater  than  when  they  are  liquid,  and  their  solu- 
bility not  being  disturbed  at  the  instant  of  changing  from 
one  state  to  another,  neither  before  nor  after  it  is  absolutely 
necessary  that  it  be  independent  of  die  cohesion. 

Further,  if  I  take  the  solubility  of  an  oil  in  alcohol  I  find 
that  it  acts  in  general  precisely  like  that  of  a  solid,  although 
liquid,  that  is  to  say  without  great  cohesion ;  the  solubility, 
very  feeble  at  a  low  temperature  goes  on  increasing  progres- 
sively with  it.  Thus  a  body  whether  it  remains  constantly 
liquid,  or  whether  at  first  solid  it  afterward  becomes  liquid, 
presents  under  each  of  these  circumstances  the  same  kind  of 
solubility. 

Gaseous  substances  themselves  such  as  chlorine,  do  not  seem 
to  me  to  tmdergo  any  alteration  in  the  progression  of  their 
solubility  at  the  moment  of  their  change  of  state. 

Finally,  if  the  cohesion  of  a  salt  had  a  great  influence 
over  its  solution,  the  solvent  would  never  be  completely 
saturated  by  simple  contact  with  it,  and  the  solution  separated 
from  the  salt,  might  be  reduced  in  temperature  a  certam 
number  of  degrees  without  ^ivinff  up  the  salt.  But  it  is 
not  so,  setting  aside  the  accidental  circumstance  of  inertia  of 
the  molecules,  the  solution  giyes  up  salt  immediately  it  be- 
comes the  least  cooled. 

Hence  I  am  inclined  to  think  cohesion  has  nothing  to  do 
in  general  with  solution.  As  the  elasticity  of  vapours,  so,  the 
solution  of  a  body,  varies  with  the  temperature ;  it  is  doubt- 
less, also  connected  with  the  reciprocal  affinity  of  the  solvent 
and  the  body  dissolved  ;  but  the  effects  of  affinity  not  being 
variable  with  the  temperature,  while  those  of  solution  depend 
essentially  upon  it,  it  would  be  difficult  not  to  admit  that  in 
solution  as  in  evaporation,  the  product  is  essentially  limited 
to  each  degree  of  temperature,  by  the  number  of  molecules 
able  to  exbt  in  a  given  portion  of  the  solution ;  they  separate 
themselves  for  the  same  reason  as  the  elastic  molecules  are 

{)recipitated  by  a  decrease  of  temperature;  and  probably  also, 
ike  tnese  latter,  by  the  compression  and  reduction  of  volume 
of  the  solvent. 

Thus  when  the  temperature  decreases  in  a  solvent  saturated 
with  a  body,  the  molecules  in  excess  with  regard  to  the  new 
temperature  will  be  precipitated,  not  by  virtue  of  the  cohesion, 
which  we  suppose  ought  to  incline  them  to  separate  and 
aggregate,  but  because  they  can  no  longer  be  maintained  in 
the  solvent  as  takes  place  for  a  vapour  saturated  space  which 
has  just  been  cooled,  hence  it  would  be  of  but  little  matter 
whether  the  molecules  repiilsed  from  the  midst  of  a  solvent^ 


Digitized  by  VjOOQ IC 


348  Consideraiions  an  Chemical  Fprces. 

once  separated,  took  the  solid,  or  Uquid,  or  even  the 
elastic  form. 

Whenever  solution  is  essentially  connected  with  vaporisation 
in  this  manner,  that  both  are  dependent  upon  the  temperature 
and  obedient  to  its  variations.  Hence  they  ought  both  to 
afford,  if  not  a  complete  identity  of  effects  at  least  a  great 
analogy:  their  essential  difference  consists  in  the  gaseous  mole- 
cules not  having  need  of  a  solvent  to  keep  them  in  a  given  space 
their  repulsive  force  being  sufficient  for  this  purpose.  On 
the  contrary  in  the  solution  of  a  solid  or  liquid  body,  the 
molecules  could  not  keep  themselves  in  the  space  if  they  were 
connected  by  affinity  with  the  molecules  of  the  solvent.  This 
condition  fulfilled,  the  solution  following  its  particular  course, 
yielding  to  temperature  as  every  vapour  has  also  one  particu- 
lar to  itself. 

Hence  the  analogy  which  solution  and  vaporisation  have 
holds  to  their  complete  submission  to  temperature ;  and  as  the 
variates  it  appears  to  me  incontestable,  that  the  elastic 
fore«  of  the  vapour  of  a  body  is  quite  independent  of  the 
state  of  this  body  or  of  the  cohesion  of  its  molecules  since  it 
remains  constant  when  the  latter  varies,  I  shall  still  be  dis- 
posed to  admit  from  these  analogies  that  solution  is  regularly 
mdependent  of  cohesion. 

However,  if  there  exist  analogy  between  vaporisation  and 
solution,  we  may  ask,  why  while  the  elastic  force  of  vapours 
follows  a  regular  ascending  law,  the  solubility  of  some  salts 
such  as  sulphate,  seleniate  of  soda,  presents  all  at  once  a 
point  of  repulsion  and  a  decreasing  course. 

I  shall  remark  first  that  the  difficulty  remuns  the  same 
whether  there  be  an  analogy  between  vaporisf^tion  and  so- 
lution or  not,  and  thus  it  cannot  constitute  a  serious  objecti- 
on ;  in  the  second  place  the  retrograding  point  in  the  solution 
of  some  bodies,  may  be  easily  explained  by  the  consideraton 
that  at  this  point  it  is  no  longer  the  same  body  which  conti- 
nues to  be  dissolved.  Thus  for  chlorine  from  0^  to  about  8^  a 
space  of  temperature  during  which  it  is  in  a  hydrate  state, 
the  solubilty  is  ascending  bat  at  this  latter  point,  the  hydrate  is 
overcome  and  immediately,  as  the  solubility  follows  a  decreas- 
ing progression  ad  far  as  100,  at  which  it  is  almost  nothing. 
This  is  very  evidently  hydrate  of  chlorine  which  is  dissolved 
from  0^  to  8^  above  that  of  chlorine  only.  Finally  for  sulphated 
soda,  the  decrease  of  the  solubility  in  proportion  as  the  temper- 
ature increases  above  33^  may  be  attributed  to  a  diminution  of 
affinity.     I  shall  return  to  the  solubility  of  this  salt 

As  there  is  some  interest  to  know  whetiier  a  salt  susceptiUe 
of  forming  a  hydrate^  dissolves  in  water,  hydrated  or  anhy- 
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drated,  I  shall  mention  a  fact  which  seems  to  me  necessary  to 
remove  the  uncertainty :  it  is  that,  whenever  an  anhydrous 
salt,  or  any  other  body  not  having  the  property  of  forming  a 
hydrate,  is  dissolved  in  water,  there  is  constantlv  a  produc- 
tion of  cold ;  and  that,  on  the  contrary,  when  the  salt  can 
form  a  hydrate,  thero  is  a  production  of  heat.  When  the 
hydrate  is  complete,  before  tne  solution  in  water  the  case  is 
the  same  as  when  the  salt  cannot  be  hydrated.  We  may 
perceive  that  it  might  sometimes  happen  that  the  heat  pro* 
duced  by  the  hydration  was  less  than  the  cold  producea  by 
the  change  of  state,  but  I  have  not  yet  perceived  any  excep- 
tion. The  fact  that  I  have  just  particularised  will  also  esta- 
blish a  fresh  analogy  between  solution  and  vaporisation, 
relatively  to  the  heat  rendered  latent  in  the  change  of  state. 

In  comparing  solution  with  combination,  we  may  assign 
a  remarkwle  £fference  between  them,  viz.  that  solution 
varies  at  every  instant  with  the  temperature  while  combination 
is  not  similarly  obedient  to  these  variations. 

If  my  observations  be  correct,  they  will  greatly  weaken 
the  influence  which  BerthoUet  has  attributed  to  cohesion  in 
all  chemical  phenomena;  but  I  feel  too  much  the  weight 
of  this  illustrious  authority  not  to  be,  in  defiance  of  my 
own  arguments,  and  not  to  be  staggered  in  my  new  con^ 
victions.  It  is  with  this  sincere  feeling  of  doubt,  that  I 
shall  indicate  some  applications  of  the  light  in  which  I 
consider  cohesion. 

BerthoUet  has  often  repeated  that  when  one  body  precipi- 
tates  another  from  it,  it  is  not  always  an  indication  of  a 
superiority  of  affinity ;  that  it  is  the  cohesion  which  takes  the 
precipitated  which  determined  the  decomposition. 

From  the  principles  which  I  have  established,  cohesion  on 
the  contrary,  has  only  a  secondary  place  in  the  precipitation, 
as  in  the  solution  :  the  precipitation  is  a  constant  proof  of  a 
greater  affinity ;  cohesion  only  shows  it  by  rendering  its  effects 
sensible. 

With  regard  to  decompositions  by  double  affinity,  our 
^Lplanations  are  equally  divergent.  If  we  submit  a  solution 
of  sulphate  of  soda  with  one  of  nitrate  of  lime  it  makes  a 
precipitate  of  sulphate  of  lime,  and  nitrate  of  soda  remains  in 
solution. 

Bergman  explains  this  result  by  saying  that  the  sum  of  the 
active  affinities  which  are  in  motion  carries  it  over  that  of  the 
quiescent  affinities. 

According  to  BerthoUet  there  is  a  double  decomposition, 
because  the  sulphate  of  Ume  is  the  most  coherent  of  the  four 
sdts  which  may  be  conceived  from  the  mixture  in  the  solution, 
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previously  to  all  precipitation.  Berthollet  conceived  that 
althoimh  the  sulphate  ot  lime  does  not  exist,  still  the  cohesion 
which  It  must  take  determines  tae  formation  of  it  as  well  as 
the  separation. 

This  explanation  I  believe  has  never  appeared  satisfactory. 
As  long  as  the  sulphate  of  lime  is  expected  not  to  exist  in  the 
solution,  the  cohesion  that  it  should  take  cannot  be  cited  to 
explain  its  formation  and  precipitation ;  and  for  the  same 
reasons  we  can  no  more  invoke  the  insolubility :  it  does  not 
determine  the  change  as  a  first  cause,  it  only  renders  it  sensi- 
ble and  eflfective,  when  it  has  been  used  in  determining  the 
separation  of  its  products.  What  then  is  really  the  cause 
which  presides  over  the  decompositions  by  double  affinity  ? 

If  we  turn  our  attention  to  theprecipitates  resulting  from  the 
action  of  the  double  affinites,  wennd  that  those  are  not  the  most 
stable  precipitates  which  cont^un  acids  and  the  most  powerful 
bases.  Thus  sulphate  of  potassa  although  formed  of  elements 
endowed  with  a  powerful  affinity,  is  transformed  in  its  mixture 
with  acetate  of  lime,  into  sulphate  of  lime,  the  base  of  which  hasa 
much  less  affinity  for  the  sulphuric  acid,  than  the  potassa.  In 
the  mixture  of  sulphate  of  lime  with  carbonate  of  ammonia, 
the  lime  is  precipitated  with  the  carbonic  acid  in  a  much  less 
stable  combmation  than  it  formed  at  first.  It  would  be  easy 
to  give  many  similar  examples. 

Hence  it  will  not  be  correct  to  say,  that  after  the  mixture 
of  two  saline  solutions,  the  strongest  acid  alwavs  combines 
with  the  strongest  base;  it  would  appear  on  the  contrary, 
that  the  salts  in  a  state  of  neutralization,  may  change  acids 
and  bases  independently  of  their  reciprocal  affinities. 

Judging  only  by  the  results  of  experiment^  the  change  is 
manifested  b;^  the  precipitation  of  a  new  insoluble  salt  alone, 
whose  formation,  according  to  Berthollet,  would  even  be  the 
cause  of  the  change.  But  as  the  reasons  he  has  given  for  it 
are  not  satisfactory,  we  may  ask,  if  the  cohesion  of  a  salt  not 
yet  existing,  or  its  insolubihty,  which  does  not  even  carry  the 
idea  of  cohesion,  can  exercise  their  action  before  the  formation 
of  this  salt  and  be  the  real  cause  of  it ;  or  rather  even,  if  not 
being  able  to  determine  this  formation  they  only  exercise  their 
influence  afterwards,  causing  the  separation  of  one  of  the  new 
salts  produced  at  the  moment  of  the  mixture. 

To  myself,  after  the  observations  I  have  presented  on  the 
slight  influence  of  cohesion  in  solutions  and  chemicd  precipi- 
tations, the  question  does  not  appear  doubtful. 

I  shall  recall  to  mind  first  that  the  solubility  of  a  solid  body 
in  a  solvent,  is  no  way  affected  by  the  difference  of  moIecuLnr 
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attraction  between  the  solid  and  liqnid  state,  that  consequently 
the  change  cannot  be  affected  any  longer. 

But  to  these  considerations  we  may  add  others  which  appear 
to  me  of  great  weights 

The  change  between  the  acids  and  bases  of  two  salts  may 
take  place,  according  to  BerthoUet,  in  several  ways.  Besides 
the  insolubility  which  most  usually  determines  it,  a  difference 
of  fusibility,  density,  and  volatility,  may  also,  very  weU  produce 
it.  But  in  the  case,  for  example,  of  a  difference  of  volatility, 
we  can  no  longer  invoke  the  reciprocal  affinity  of  the  molecules 
as  for  a  solid,  or  even  for  a  liquid,  since,  on  the  contrary,  the 
molecules  of  the  salt  which  b  separated  are  in  a  state  of  re> 
pulsion,  and  that  we  may  also  demonstrate,  as  in  the  case  of 
msolubility,  as  in  that  of  volatility,  it  is  always  the  most 
volatile  salt  that  is  formed. 

Thus  the  change  takmg  place,  according  to  the  received 
opinion,  under  very  different  circumstances  of  solubility,  den- 
sity, fusibility,  and  volatility,  one  of  them  cannot  be  the  true 
cause  of  the  change  to  the  exclusion  of  the  others,  and  con- 
sequently this  cause  ought  to  be  considered  otherwise,  inde- 
pendent of  these  different  circumstances. 

Since  the  change  is  not  determined  by  the  reciprocal 
affinity  of  the  acids  and  bases,  since  also  it  is  no  longer  by  the 
secondary  causes  we  have  just  enumerated,  and  as  however 
these  latter  cause  separations,  it  necessarily  follows  that  the 
change  precedes  them,  and  we  can  only  be  satisfied  with  re- 
gard to  these  different  causes  of  separation,  by  admitting  that 
at  the  moment  of  the  mixture,  before  any  separation,  there  is^ 
a  complete  confusion  between  the  acids  and  bases,  that  is  to 
say,  the  acids  combine  indifferently  widi  the  bases  and  recip- 
rocally ;  the  order  of  combination  is  of  little  importance,  pro- 
vided the  acidity  and  alkalmity  are  satisfactory,  and  they  are 
evidently  so,  whatever  equilibrium  may  be  established  be- 
tween the  acids  and  bases. 

This  principle  of  indifference  of  equilibrium  {equipoUencej 
being  established,  the  decompositions  produced  by  double 
affinity  are  explained  with  very  great  simplicity.  At  the 
moment  of  the  mixture  of  two  salts,  two  new  ones  are  formed, 
bearing  some  relationship  to  the  two  former,  and  allowing  one 
of  these  properties,  insolubility,  density,  fusibility,  volatility, 
&c.  to  be  stronger  in  the  new  thao  in  the  given  salts,  there 
will  be  a  disturbance  of  the  equilibrium,  and  separation  of 
of  one  salt,  sometimes  even  of  several. 

Still  it  is  essential  to  consider  that,  although  we  admit  a  con- 
fusion at  the  time  of  the  mixture  of  two  or  more  saline  solu- 
tions, it  may  uot  always  rigorously  take  place.     We  know  in 


Digitized  by  VjOOQ IC 


35S  Consideraiians  on  Chemical  Forces. 

fact,  diat  the  molecules  of  a  compound  oppose  a  sort  of  inertia 
to  the  change,  and  that  time  or  msturbance  is  often  necessary 
to  cause  this  change.  Many  saline  solutions,  and  particu- 
larly that  of  sulphate  of  soda,  keep  themselves  sur-saturated 
at  very  inferior  temperatures  to  that  at  which  Uiev  ought  to 
begin  giving  up  the  salt.  A  solution  of  sulphate  of  magnesia 
mixed  with  a  solution  of  oxalate  of  ammonia,  when  left  undis- 
turbed, gives  no  precipitate  of  oxalate  of  magnesia  for  a  long 
time  aifter  the  mixture,  whereas  it  is  produced  in  a  few 
seconds  by  means  of  a  rapid  agitation.  Besides  this  circum- 
stance of  the  inertia  of  molecules,  which  is  opposed  to  the 
change,  we  may  admit,  in  the  case  of  a  complete  reciprocal 
saturation,  such  a  state  of  indifference,  or  if  we  prefer  it,  in- 
stability between  the  acids  and  bases,  that  the  sli^test  cir- 
cumstance, even  a  veiy  feeble  cohesion,  might  disturb  the 
equilibrium  and  determme  the  change. 

Even  admitting  that  the  confusion  has  taken  place,  we  might 
yet  conceive  that  the  separation  of  the  newly  formed  salts, 
would  not  be  instantly  effected,  and  for  this  reason  we  see 
that  water  remuns  liquid  several  degrees  below  zero.  Hence 
it  is  possible  to  conceive  that  the  reciprocal  action  of  Ae 
molecules  which  separate  themselves  from  the  solvent,  deter- 
mines and  accelerates  the  phenomenon.  But  this  reciprocal 
action  of  the  molecules  to  reunite  into  a  liquid  or  solid  mass,' 
I  always  consider  as  only  occupying  a  secondary  place  in 
chemical  phenomena. 

It  b  easy  to  demonstrate  the  change  between  the  elements 
of  two  salts,  although  it  may  not  be  accompanied  by  the  for- 
mation of  a  precipitate.  Let  us  imagine  a  solution  of  sulphate 
of  protoxide  of  iron,  and  pass  through  the  mixture  a  current 
of  sulphurated  hydrogen :  there  will  immediately  be  made  a 
precipitate  of  sulpburet  of  iron,  which  makes  us  suppose  that  it 
was  formed  previously  from  the  acetate  of  iron.  I  know  that 
in  the  real  case,  we  may  object  to  this  change  having  taken 
place  between  the  strongest  acid,  sulphuric,  joined  to  the 
strongest  base  which  is  here  the  soda ;  but  the  objection  will 
not  appear  founded  if  we  recollect  that  the  reciprocal  affinity 
of  the  acids  and  bases  appears  quite  foreign  to  the  formation 
of  precipitates  formed  by  the  concourse  of  double  affinities. — 
Every  other  base  besides  soda,  the  weakest  we  can  choose 
among  those  which  are  not  precipitated  by  the  sulphurated 
hvdrogen,  would  produce  a  simiku:  effect.  Thus  acetate  of 
alumine  mixed  with  sulphate  of  iron,  determines  its  decompo- 
sition by  sulphurated  hydrogen. 

The  principle  of  chemical  equilibriums  (equipoUencet)  which 
has  just  been  admitted  with  regard  to  sahne  substances,  ap- 
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pean  to  me  to  extend  to  all  analogous  coa^Munda,  that  is 
to  say  to  all  those  in  which  the  sum  of  the  neutralizations, 
after  the  mixture  will  be  the  same  as  before,  as  for  ex- 
ample, for  water  and  a  chloride. 

Here  is  a  very  remarkable  fact.  It  would  appear  that,  in 
the  reciprocal  combination  of  two  acids  with  two  bases,  there 
is  expended  a  certain  (juantity  of  action,  whether  chemical  or 
electrical,  which  remams  constant  in  the  change. 

I  had  wished  to  say  a  few  words  on  solution :  but  I  find 
myself  prevented  by  the  difficulty  of  the  subject,  which  is 
much  greater  than  it  appeared  at  first  sight.  I  shall  confine 
myself  to  remarking,  that  the  word  solution  is  applied  under 
very  dissimilar  circumstances,  which  ought,  however,  to  be 
carefully  distinguished.  In  a  solution  properly  so  called,  such 
as  a  salt  in  water,  there  is  no  decomposition  between  the  sol- 
vent and  the  body  dissolved ;  the  eflfect  varies  in  general  with 
the  temperature.  On  the  contrary,  in  a  solution  by  an  acid 
or  alkahne  solvent,  there  is  generally  decomposition,  forma- 
tion of  new  products,  and  the  effect  no  longer  varies  with  the 
temperature  as  in  the  other  solution.  Hence  we  must  deter- 
mine in  each  particular  case,  whether  it  is  simply  solution, 
whether  it  is  the  consequence  of  the  formation  of  new  pro- 
ducts, or  if  in  that  these  two  circumstances  cannot  be  jom^ 
together.  But  to  arrive  at  this  determination  some  data 
wmch  will  form  the  subject  of  apother  memoir,  are  still 
wanting. 

I  terminate  this  first  work  without  having  nearly  exhausted 
the  matter  it  embraces,  but  as  I  said  at  the  beginning,  the 
matter  is  difficult,  and  I  had  only  promised  making  a  few  ob- 
servations. Perhaps  they  will  have  more  interest  in  being 
strenffthened  by  these  I  have  yet  to  present.  In  the  mean 
time  I  leave  that  to  the  criticism  of  chemists,  and  shall  con^ 
sider  myself  happy  if,  at  least  as  conjectures^  they  attract 
their  attention. 


XLV.    Optics. — Note  on  irradiation ;  by  M.  J.  Platjsau.* 

At  the  session  of  the  6th  of  May  last,  M.  Arago  much 
wished  to  entertain  the  Academy  with  my  memoir  on  irradia- 
tion, and  presented  at  the  same  time  some  observations  on  the 
theoretic  part  of  this  work.  M.  Arago  thought  that  we  could 
not  preserve  the  physiological  explanation  which  I  have  en- 


«  From  the  Compte  Rendat.    Translated  by  J.  H.  Lao;,  ^ 
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deavour^d  to  cottfinn,  and  advances  a  new  theory  from  wUch 
the  irradiation  would  be  the  result  of  tiie  chromatic  aberrar 
tion  of  the  eye.  The  considerations  mentioned  by  M.  Arago» ' 
not  having  been  printed,  I  have  been  prevented  from  becom- 
ing perfectly  acquainted  with  them,  and  am  not  aware  of  their 
tending  to  refute  the  arguments  I  have  brought  forward  in 
£avor  of  the  physidogical  theory.  I  shall  not  here  recall 
these  circumstances,  but  shall  content  mjrself  with  exanuning 
the  new  hypotltesis  presented  by  M.  Arago. 

It  is  true,  the  eye  is  not,  at  present,  recognised  as  aperfectly 
achtt>matic  instrument,  and  it  nec^sarily  follows  from  this 
non-achromatism,  that  the  images  of  objects  are  surrounded, 
on  llie  retina,  by  a  small  band  of  aberration,  which  ought  to 
increase  a  little  the  apparent  dimensions  of  luminous  objects 
projected  on  an  obscure  ground,  and  diminish  those  obscure 
objects  which  are  projected  on  a  luminous  p^round.  But 
wnether  this  effect  can  be  sensible  under  ordinary  circum^ 
stances,  and  whether  the  small  band  of  aberration  has  suffid- 
^ent  breadth  for  us  to  distinstiish  it,  and  to  attribute  to  it  the 
phenomenon  known  as  irradiatioui  is  the  question  I  hope  to 
solve. 

I  shall  first  remark,  that  bv  virtue  of  the  same  cause 
which  produces  it^  thes  mall  band,  which  the  chromatic  aberra- 
tion of  the  eye  draws  around  images,  cannot  be  exempt  from 
colors.  Consequently,  if  this  irradiation,  manifested  by  a 
white  object  on  a  black  ground,  was  due  to  this  cause,  it 
appears  that  the  object  would  appear  colored  on  the  edges. — 
But  among  all  the  observers  who  have  engaged  diemselves 
with  occular  irradiation,  not  one  has  made  the  least  mention 
of  colored  appearances,  and  in  the  numerous  experiments 
that  I  have  made  on  irradiation  under  a  great  number  of  dif> 
ferent  circumstances,  I  have  never  seen  any  thing  similar. — 
Tins  absence  of  visible  colors,  might,  with  difficulty,  be  attri- 
buted to  the  small  angular  width  of  the  irradiation;  the  per- 
sons among  whom  the  phenomenon  has  much  developement, 
will  be  easily  convinced,  by  repeating  some  of  my  experi- 
ments, or  by  observing  the  well  known  appearance  of  tlie 
current,  that  the  band  of  irradiation  is  of  a  width  quite  suf- 
ficient to  allow  its  color  to  be  seen  if  it  had  any. 

In  the  second  place,  I  do  not  see  how  it  would  be  possible 
to  explain  by  the  aberration  of  refran^bility,  this  singular 
law  to  which  irradiation  is  subject,  viz.: — that  when  two 
obiects  of  equal  brilliancy  are  only  separated  by  a  small  inter- 
val, each  of  them  diminishes  the  irradiation  of  the  other  in 
the  parts  in  view,  and  that,  in  proportion  as  the  two  objects 
approach  one  another,  so  t^at  at  last  when  they  touch,  the 
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irradiation  is  nothing  for  each  of  diem  i^  llie  point  of  ooiu 
tact;  or  how  to  admit  an  action  exercised  by  a  lumuious  iouige 
on  the  aberration  produced  about  another  ima^e. 

But  we  may  easily  decide  by  direct  expenments,  whedier 
occular  irradiation  is  due  to  chromatic  observation  or  not*  It 
b  sufficient,  in  fact,  to  try  if  the  irradiation  be  also  produced 
when  the  object  is  bright,  by  a  homogeneous  light.  If  in  this 
case,  we  no  longer  perceive  the  irramation,  we  mi^  admit  as 
true,  the  hypothesis  which  attributes  this  phenomenon  to  the 
chromatic  aberration  of  the  eye,  but  if,  on  the  contrary,  the 
irradiation  still  appears,  and  to  the  same  degree  as  with  a 
compound  light,  equal  in  brilliancy  to  the  homogeneous  light 
employed,  it  will  be  impossible  to  discover  the  cause  of  the 

}>henomenon  in  the  aberration  with  which  it  acts.    The  foU 
owin^  experiments  have  been  executed  for  the  purpose  of 
deciding  this  point. 

The  homogeneous  light  I  have  made  use  of  is  that  which 
proceeds  from  the  flame  of  a  mixture  of  alcohol,  water,  and 
salt.  I  have  imbibed  with  this  mixture  a  quantity  of  cotton 
wick  which  I  put  behind  an  unpolished  glass  placed  vertically^ 
This  mixture  lighted  in  a  dark  room,  gives  a  voluminous 
flame,  and  the  unpolished  glass  obscured  on  the  other  side, 
forms  a  tolerably  bright  luminous  field.  To  render  the  light 
still  more  homogeneous,  I  placed  between  the  flame  and  the 
unpolished  glass,  a  glass  of  a  deep  yellow  color.  Every 
thing  being  thus  prepared,  I  placed  successively  before  the 
unpolished  glass,  the  apparatus  already  described  in  the  28th 
section  of  my  memoirs,  and  that  which  served  for  my  ex- 
periments or  measure,  after  having  reduced,  in  this  latter,  the 
vertical  edge  of  the  movable  plate,  by  prolonging  that  of  the 
fixed  one.  These  apparatus  thus  projected,  were  placed  on  a 
field  of  very  considerable  brightness,  and  a  light  so  nearly 
approached  to  homogeneousness,  that,  in  observing  them  by 
refraction  across  a  prism  placed  vertically  at  five  metres  dist- 
ant, their  image  not  only  preserved  a  perfect  plainness,  but 
only  presented  laterally  a  greenish  shadow  so  faint  that  it  re- 
quires great  attention  to  perceive  it.  1  ought  also  to  mention, 
toat  in  order  to  give  the  eyes  more  sensibility,  the  experi- 
ments hav^  not  beeii  made  by  day  in  a  dark  room,  but  at 
night. 

But,  u^der  the  csrcumstances  I  have  just  described,  ard 
which  necessarily  exclude  the  effects  which  might  have  de- 
pended on  the  aberration  of  refrangibility,  the  above  apparatus 
Dave  shewn  me  a  very  distinct  irradiation.  The  same  result 
was  discovered  by  M.  M.  Burggrarve  and  Le  Francois,  two 
of  ^he  persons  wlio  assisted  me  4b  the  experiment  .or  jneasui:^ 
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mentioned  in  my  memoir,  and  who  are,  therefore,  accus- 
tomed to  judge  of  the  phenomena  of  irradiation.  In  order  af- 
terwards to  test  the  results  produced,  and  those  which  would 
arise  from,  a  compound  light,  and  one  of  a  similar  brilliancy,  I 
placed  before  the  above  mentioned  unpolished  glass,  another 
similar  glass,  behind  which  I  lighted  several  wax  candles  so 
disposed  as  to  afford  an  uniform  light,  and  these  I  moved  to 
and  fro'  till  the  brilliancy  of  this  second  glass  appeared  equal 
to  the  first.  An  opaque  screen  also  separated  the  wax-can- 
dles from  the  alcohol  flame,  so  that  each  of  the  glasses  received 
but  one  of  the  two  lights.  I  had  thus  two  luminous  fields  of 
the  same  brilliancy,  but,  of  which,  one  was  lighted  by  a  homo- 
geneous yellow  light,  and  the  other  by  a  light,  which,  without 
being  as  white  as  that  of  the  day,  was  evidently  sufficiently 
compounded  for  the  purpose.  I  then  placed  before  these  two 
luminous  lights,  the  apparatus  of  irradiation  in  themselves 
identical,  and  so  disposed,  that  in  observing  them  simultane- 
ously, it  was  easy  to  perceive  if  the  irradiations  developed  b^ 
the  two  lights,  differed  sensibly  from  each  other.  But  tius 
comparison,  made  by  the  two  persons  before  mentioned,  and 
myself,  gave  us  no  appreciable  difierence ;  the  two  apparatus 
shewed  a  distinct  irradiation,  but  that  which  proceeded  from 
this  compound  light  was  neither  more  nor  less  extensive  than 
that  which  arose  from  the  homogeneous  light. 

These  facts  I  think,  lead  to  the  following  necessary  con- 
clusions, that  we  must  admit  the  existence  of  the  aberration 
of  refrangibility  of  the  eye;  which  irradiation  ought  to  be  attri- 
buted to  another  cause,  and  the  effect  of  the  aberration  con- 
sidered as  entirely  hidden,  under  ordinary  circumstances,  by 
the  band  of  irradiation. 

XL  VI.  Brief  notice  of  the  Extrication  of  Barium^  Stron-^ 
tiunif  and  Calcium^  by  exposure  of  their  chlorides  to  a 
powerful  voltaic  circuity  in  contact  with  mercury  as  a 
*\cathode  ;*  and  the  distillation  of  the  resulting  amalgams 
by  means  of  vessels  of  iron.* 

Agreeably  to  the  statements  made  by  Sir  Humphrey  Davy 
in   his  Bakerian  lecture,  that  celebrated  chemist  was  not 

Suite  successful  in  isolating  either  barium  or  strontium,  as  he 
eclares  that  he  was  not  enabled  to  expel  from  them  com- 
pletely the  mercury,  by  amalgamation  with  which  they  bad 
been  reduced  to  the  metallic  state  from  that  of  oxide,  in  the 
most  successful  experiments  made  by  him  for  the  isolation  (tf 
calcium,  the  tube  broke,  and  the  mass  took  fire  before  the 
distillation  was  accomplished. 

*  From  Silliman's  Jounitl. 
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Dr.  Hare  has  recently  obtained,  by  an  improved  process, 
all  tiiree  of  the  metals  above  mentioned.  In  this,  saturated 
solutions  of  the  chlorides  are  substituted  for  moistened  oxides; 
the  mercury  and  solutions  being  both  refrigerated  by  ice- 
water,  or  a  freezing  mixture  within  receptacles  contrived  for 
the  purpose.  Two  deflagrators,  each  comprising  one  hundred 
Cruickshank  pairs,  severally  exposing  one  hundred  inches  of 
zinc  surface,  were  employed  alternately.  In  consequence  of 
this  mode  of  operatuig,  the  charge  of  acid,  at  first  feeble,  was 
gradually  strengthened  by  additions,  so  as  to  render  the  re- 
action towards  the  close  as  forcible  as  at  the  commencement* 
This  is  hi^y  important,  since  the  difficulty  of  decomposing 
the  chloriae  mcreases  with  the  quantity  of  calcium  combined 
with  the  mercury. 

The  resulting  amalgams  were  severally  subjected  to  distil- 
lation by  means  of  a  crucible  enclosea  in  an  air-tight  iron 
alembic,  being  protected  from  the  access  of  air  by  caoutchou- 
chine  naphtha,  mercury  and  desiccated  hydrogen.  For  the 
complete  expulsion  of  the  mercury,  a  heat  above  the  soften- 
ing point  of  glass  was  necessary. 

So  great  was  the  avidity  for  oxygen  of  the  metals  thus  ob- 
tained, that  to  see  their  bright,  metallic  white  colour,  the  eye 
must  follow  closely  after  the  movements  of  a  file  or  burnisher 
employed  to  expose  a  fresh  surface.  Metallic  whiteness  is 
soon  succeeded  by  a  straw  color,  as  in  the  case  of  steel  filed 
at  a  high  temperature.  But  the  whole  mass  is  soon  reduced 
to  a  pulverulent  oxide.  Of  this  the  color  is  dark,  in  conse- 
quence of  a  resinous  coating  resulting  from  reaction  of  the 
metal  with  the  naphtha  necessarily  employed  to  prevent  the 
excess  of  atmospheric  oxygen.  In  consequence  of  this  coat- 
ing being  insoluble  in  water,  but  readily  soluble  in  hydric' 
ether,  oxidizement  ensues  more  readily  in  the  last-mentioned 
liquid  than  in  water. 

The  metals  in  question  were  all  brittle,  and  much  harder 
than  potassium  or  sodium.  By  the  evolution  of  the  mercury, 
they  are  left  in  a  form  resembling,  in  some  degree,  that  of 
metalUc  arsenic. 

Davy  informs  as  that  he  employed  only  fifty  or  sixty 
grains  of  mercury.  Dr.  Hare  has  employed  a  half-pound 
avoirdupoise,  which  is  seventy  times  as  great,  and  is  under  the 
impression,  that  with  sixty  grains  it  would  not  be  possible  to 
isolate  a  perceptible  quantity  of  calcium.  Operating  with 
much  larger  quantities  of  amalgam,  he  has  found  no  residue 
besides  a  stain  upon  the  glass  of  the  tube  employed  to 
distil  off  the  mercury. 
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XLVII.  Process  /or  a  Fulminating  Powder-^Jbr  the  Evo^ 
lution  of  Calcium  and  Galvanic  Ignition  of  Gunpowder  ; 
by  Dr.  Hare. 

An  equivalent  of  quick  lime,  with  an  equivalent  and  a  half 
of  bycyariide  of  mercury,  is  subjected  to  a  red  heat  in  a  porce- 
lain crucible  enclosed  within  an  air-tight  alembic  of  iron, 
so  as  cotnpletely  to  exclude  atmospheric  air.  The  result- 
ing residual  mass  was  found,  in  two  experiments,  to  have  the 
Ireight  which  would  correspond  with  an  equivalent  of  calcium, 
united  to  an  equivalent  of  cyanogen.  From  the  filtered  solu* 
iion  of  the  coitipound  thus  produced,  in  acetic  acid,  a  preci* 
Imitate  wad  obtained  by  the  addition  of  nitrate  of  the  protoxide 
of  mercury.  This  precipitate  when  well  dried  was  found  to 
Cdnstittite  4  pbwd^t  capable  of  fulminating  by  percussion. 

Isolation  of  Calcium  by  the  deflagration^  in  a  receiver^  of 
desiccated  hydrogen^  of  the  compound  formed  by  igniting 
in  a  ctost  vessel^  bicyanide  of  mercury  with  pure  quidt 
lime. 

By  exposing  the  compound  of  cyanogen  with  calcium,  ob- 
tained as  above  mentioned,  either  in  vacuo  or  in  an  atmosphere 
of  desiccated  hydrogen  to  a  current  from  two  hundred  pairs 
of  Cruickshank  plates,  each  comprising  one  hundred  square 
inches  of  zinc  surface,  the  calcium  appeared  to  be  isolated. 
Particles  displaying  metallic  characteristics  utider  the  bur- 
nisher, and  which  effervesced  in  water,  were  observed,  while 
the  gas  escaping  had  an  odor  resembling  that  of  silicuretted 
hydrogen  evolved  by  silicuret  of  potassium,  under  like  cir- 
cumstances. 

DeSagration  of  phosphuret  of  calcium. — By  exposure  of 
the  phosphuret  of  calcium  to  the  current  from  the  denagrators, 
as  above  described,  calcium  containing  a  trace  of  phosphorus 
appeared  to  remain.  The  phosphorus  was  condensed  upon 
^e  receiver  in  sufficient  quantity  to  obscure  the  glass,  llie 
residual  mass  thrown  into  water  effervesced  extricating  hydro- 
g^a  slightly  phosphoric  in  its  odor.  When  compounds  of 
carbon  with  calcium  were  similarly  exposed,  the  residue  had 
a  metallic  appearance,  but  did  not  decompose  water. 

On  one  occasion,  a  portion  of  the  charcoal  forming  the 
raode  was  fused  into  a  fflobule,  having  the  consistency  and 
other  characteristics  of  plumbago.  It  appeared  more  com- 
pact than  the  globules  obtained  by  us  many  years  since,  of 
whidi  a  portion  was  forwarded  to  Dr^  Hare  at  the  time. 
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Of  Pniftesar  DamielTs  adoptiom  of  Dr.  Heare's  method  of 
igniting  gmnpowder  by  gahcanic  ignition. 

Durioff  the  summer  of  1831,  a  method  of  igniting  gun- 
powder by  galvanism  was  contrived  by  Dr,  Hare,  the  idea 
navinff  been  suggested  by  the  abortive  efforts  of  an  ingenious 
individual  of  the  name  of  Shaw,  to  effect  this  object  oy  me^ 
chanieal  electricity.  Of  the  apparatus  described  for  the  pur^ 
pose  in  question  by  Dr.  Hare,  en^avings  and  descriptions 
were  published  in  this  Journal  in  me  autumn  of  1833.  We 
advert  to  these  facts  now  in  consequence  of  the  recent 
publication  of  analagous  experiments  by  Pro.  Danielle 
Kind's  College,  who  in  this  case,  as  well  as  in  tiiat  of  his 
**  re-inventioir  of  a  hydro-oxygen  blow-pipe  of  Dr.  Hare^ 
was  no  doubt  i^gnorant  uat  he  had  been  anticipated* 

In  performing  hb  experiments,  it  would  seem  tiuit  Pro. 
Daniell  used  his  mffenious  apparatus,  known  as  the  sus* 
tuning  battery,  which,  although  peculiarly  qualified  for  the 
production  of  a  durable  current,  is,  as  we  think«  far  leaa 
competent  than  the  calorimotor  of  Dr.  Hare,  to  produce  a 
transient  intense  ignition,  such  as  would  be  the  most  efficacious 
m  igniting  gunpowder. 

XL  VIII.    Method  of  adjustina  tht  DippingNeedle  i  by 
Thomas  Pbrrt,  Professor  of  Mathematics,  United  States 

Navy.* 

TO  THB  SDITORS. 

Gentlemen, — finding  it  necessary,  somt  months  sinoe,  ta 
i:e-«dju8t  a  needle  belonging  to  my  instrument  for  measuring 
the  magnetic  dip,  I  adopted  a  method  which,  from  its  skn- 

Elicity,  I  am  incluced  to  communicate,  in  the  hope  that  it  may 
e  sei  viceable  to  others  in  similar  circumstances. 
The  instrument  being  firmly  fixed,  and  accurately  levelled^ 
the  direction  of  the  magnetic  parallel  of  latitude  and  meridian,* 
and  the  true  dip,  were  approximately  asoertained  by  property 
reversing  its  foces,  axis,  and  poles.  The  plane  of  its  face 
was  then  ooade  to  coincide  with  the  parallel  of  magnetic  h4- 
tude,  and  the  substance  of  the  nee<Ue  carefully  ground  away, 
from  the  sides  perpendicular  to  its  plane  of  motion,  motil  it 
assumed  the  same  position  (the  vertical)  upon  reyersing  its 
axis.  The  plane  of  the  face  was  then  brought  into  the  naag* 
netic  meridian,  and  the  needle  again  grouM  upon  tiie  sid^ 
parallel  to  tiie  plane  of  motion,  so  as  not  to  uFect  tiie  pr^ 
Tious  adjustment  much,  until  it  indicated  nearly  the  true  d^. 
These  processes  were  suooessively  repeated,  until  the  errors. 


*  Sillliiiftn*t  Journal. 
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QETing  such  as  result  from  the  hnp^eetion  of  the  circles  were 
found,  upon  making  all  possible  reyersions,  to  be  less  than 
theprobable  errors  of  observation. 

lliis  method  may  be  advantageously  employed  in  the  final 
adjustment  of  new  needles.  I  have  employed  it  successfully 
in  one  instance.  Two  small  screws,  at  right  angles  with  e^Ai 
other,  might  also  be  added,  which  would  render  grinding  un- 
necessary ;  but  their  weight  would  prove  some  incumbrance, 
and  they  would  increase  the  liability  of  the  adjustments  to 
derangement. 

The  value  of  the  process  results  from  the  difficulty  of 
rendering  manufactured  and  tempered  steel  devoid  of  mag- 
netism. Its  correctness  of  principle  is  obvious  from  the 
impossibility  of  correct  indications  m  two  different  portions 
of  the  needle,  except  when  the  centre  of  gravity  coinciding 
writh  the  axis  of  moUon,  the  influence  of  this  force  becomes 
nothing  in  all  cases. 

In  making  these  adjustments,  it  is  better  that  the  magnetism 
be  of  feeble  mtensity,  provided  that  it  be  sufficient  to  overcome 
inertia  and  friction;  as,  in  this  case,  the  influence  of  any 
other  force  b  more  obvious.  Any  two  different  planes  or 
even  the  same  might  be  employed  by  a  little  modification  of 
the  process ;  but  wose  specined  are  most  eligible,  as  in  them 
the  forces  affecting  the  position  of  the  needle,  present  the 
greatest  disparity. 

U.  S.  Ship  Independence,  Jan.  28, 1839. 


XLIX.  Formula  fir  discovering  the  Weight  and  Volume  in  a 
mixture  of  two  BcueSf  by  Dr.  Jno.  M.  B.  Hardeh, 
Riceboro,  Liberty  County,  Geo.* 

TO   THE   EDITORS. 

In  the  12th  volume  of  the  ^*  Philosophical  Magazine** 
there  is  a  paper  by  Mr.  Golding  Bird,  upon  the  subject  of 
<^  indirect  chemical  analysis,"  in  which  he  ^ives  two  formuke, 
by  Pu^gendorff,  for  the  quantitative  estimation  of  two  different 
bases  m  mixtures  of  those  bases.  These  formulae  are  suffi- 
ciently exact,  but  probably  not  as  sunple  or  comprehensive  as 
might  be  desired.  He  alludes  also  to  one  annexed  by  the 
French  translator  to  the  <*  Analysis  of  inorganic  bodies,"  by 
Berzelius,  which  I  do  not  find  m  the  Engush  translation  of 
that  work.  As  it  may  be  well  to  multiply  methods  for  the 
solution  of  such  problems,  I  send  you  the  following  formula, 
which,  although  from  the  well  known  principles  which  it  in- 
volves, I  cannot  suppose  that  it  has  any  claim  to  noveltyi  I 

♦  Silliman's  Journal. 
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have  nerer  seen  proposed  for  this  object.  If  you  should  con- 
sider it  worthy  the  notice  of  the  analytic  chemist,  you  will 
please  insert  it  in  your  highly  useful  Journal. 

In  the  mixture  of  two  bases,  it  is  proposed  to  find  the 
weight  and  volume,  or  bulk  of  each  base,  by  having  given  the 
specific  gravity  of  each  ingredient,  together  with  the  spe- 
cific gravity  of  the  mixture  and  its  weight.  Now,  since 
the  specific  gravities  of  each  base  or  ingredient  of  the  mixture 
are  supposed  to  be  known  in  most,  if  not  all  cases,  all  that  is 
necessary  will  be  to  determine  by  experiments,  the  specific 
gravity  and  weight  of  the  mixture,  in  order  to  find  the  quan- 
tities desired.  Let  A  =  sp.  gr.  of  one  ingredient,  B  =  sp. 
gr.  of  the  other,  and  C  =  sp.  gr.  of  mixture.  Let  also  the 
weight  of  the  mixture  =  1,  and  x  and  y  =  the  weights  of  the 
bases ;  then  it  is  evident  that 

«     y    «+y     1 

— -I — = rs:  — uidx+y  =  1. 

A      B        C         C 

These  equations  reduced,  give 

AC— AB  AB— BC 

X  = and  y  = . 

AC— BC  AC— BC 

Multiply  these  firactions  by  the  number  expressing  the  weight 
of  the  mixture,  and  we  have  the  weight  of  each  base  or  in- 
gredient; and  as  the  volumes  are  inversely  as  the  specific  gra- 
vities, they  are  found  by  dividing  the  weights  by  the  sp.  gr 
of  each. 

We  give  as  an  example,  the  mixture  of  oxygen  and  azote  in 
atmoq)heric  aiR 

1.1111— 1.1111  X.9722      309 

x= =  — -  proportional  weight  of  oxygen. 

1.1111— .9722  1389 

l.llllx. 9722— .9722  1080 

y  = = do.  do.  of  azote. 

1.1111— .9722  1389 

Now,  since  100  cubic  inches  of  air  weigh  30.5  grains,  it 
will  be  found  that  the  weight  per  cent,  of  oxygen  in  atmos- 
pheric air  is  22.23,  and  of  azote  77.77,  divide  the«e  by  the 
sp.  gr.  of  each,  and  it  will  be  found  that  the  volume  per  cent, 
of  azote  is  79.8,  that  of  oxygen  20.2  nearly,  which  corresponds 
exactly  with  the  result  of  the  most  rigid  and  careful  experi-* 
menti. 
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I  need  scarcely  remark  that  this  formula  applies  only  in 
cases  where  the  specific  gravities  are  determined  by  the  same 
standard  of  comparison,  although  in  every  case  they  may  be 
reduced  to  the  same  by  an  easy  mathematical  calculation. 

Libertj  Co.  6m.  Aag.  15th,  1839. 


L.    0/  the  Reaction  of  Sulphuric  Ad^  with  the  Essential 
of  Hemlock  ;  by  Mr.  Clark  Hare,  of  Philadelphia,* 

If  equal  parts  of  sulphuric  acid  and  oil  of  hemlock  be  mingled 
together,  refrigeration  being  employed  to  prevent  too  great  a 
rise  of  temperature,  a  black  acid  resinous  mass  results.  By 
the  addition  of  carbonate  of  lead  and  water,  the  unaltered 
sulphuric  acid,  present  in  great  (quantity,  is  converted  into  an 
insoluble  sulphate,  which,  mingling  with  the  resin,  gives  rise 
to  a  yellow  mass  resembling  putty  in  its  consistency,  while 
there  will  be  found  dissolved  in  the  water  two  soluble  salts  of 
lead. 

The  presence  of  a  very  large  quantity  of  coloring  matter, 
interferes  with  the  examination  of  these  siedts.  This,  however, 
in  a  great  measure  disappears  on  precipitating  the  lead  by  sul- 
phydric  acid  gas,  rcsaturating  the  liberated  acids  by  the  car- 
bonate, and  again  throwing  down  the  lead  in  the  state  of  a 
sulphide.  The  partially  decolorized  acids  thus  obtained  may 
then  be  saturated  with  barvtes,  and  the  resulting  salts  evapor- 
ated to  dryness,  when  tney  assume  the  appearance  of  an 
amorphous  mass.  By  washing  with  absolute  alcohol,  one  of 
the  salts  present  in  this  mass  is  dissolved.  On  the  solution  of 
the  other  in  water,  and  subsequent  crystallization,  it  proves 
to  be  the  acetate  of  barytes. 

The  salt  dissolved  in  the  alcohol  does  not  appear  susceptible 
of  cnrstallization,  probably  on  account  of  its  extreme  solubility. 
On  drying  it  assumes  a  gummy  appearance,  and  by  still  fauther 
desiccation,  may  be  obtained  in  tlie  state  of  a  dry  mass  desti- 
tute of  cohesion,  and  susceptible  of  being  with  £au;ility  reduced 
to  the  state  of  a  powder. 

When  exposed  to  heat  in  a  retort,  this  salt  resists  an  elevated 
temperature  without  alteration,  but  at  length,  if  heated  nq)idly, 
carbonizes,  giving  off  sulphurous  acid  and  a  small  quantity  of 
essential  oil  and  water.  There  remain  in  the  retort  a  spongy 
carbonaceous  substance,  and  a  large  quantity  of  sulphite  of 
baiytes.  As  this  result  proved  the  acid  united  with  the  barytes 
to  consist  of  organic  matter,  combined  with  sulphuric  acid  and 

•  Eldest  Son  of  Dr.  Haro. 
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modifying  ita  properties,  in  wder  to  ascertain  the  quantity  of 
the  latter  present,  baiytes  was  precipitated  by  carbonate  of 
potash,  the  precipitate  weighed  and  the  resulting  potash  salt 
evat'orated  to  dryness.  It  was  then  intimately  mingled  with 
the  black  oxide  of  copper  and  nitrate  of  potash,  mtric  acid 
added,  and  the  whole  mass  gradually  heated  to  redness.  Red 
fiimes  are  given  olf  during  the  whole  of  the  process,  and  while 
the  nitric  acid  at  the  beginning  of  the  operation  prevents  the 
deoxidation  of  any  portion  of  the  sulphuric  acid ;  at  the  end, 
the  oxide  of  copper  prevents  the  explosive  reaction  which  would 
ensue,  were  nitric  acid  and  nitrate  of  potash  alone  present 

The  result  of  two  experiments  made  in  this  manner,  the  mass 
after  ignition  being  washed  with  diluted  chlorohydric  acid,  and 
the  solution  precipitated  by  barytes,  was  as  follows  : — Carbon- 
ate of  barytes  12^  gr's.  Sulphate  of  barytes  16J  gr's.  Car- 
bonate of  barytes  13j  gr's.  Sulphate  of  barytes  16j  gr*a. 
The  quantity  of  sulphuric  acid  as  calculated  from  the  quantity 
of  sulphate  precipitated,  is  in  each  case,  5.59  gr's.,  while 
as  calculated  from  the  precipitate  of  carbonate  of  barytes, 
on  the  supposition  that  one  atom  of  it  is  present  in  the 
baiytes  salt  for  each  atom  of  base,  it  would  be  5  gr's.  in 
the  first  instance,  and  5.3  gr^s  in  the  second.  It  wiU  there- 
fore be  perceived  that  in  botii  experiments  the  quantity  of  sul- 
phuric acid,  as  calculated  from  the  results,  exceeds  the  quan- 
tity necessary  for  forming  an  equivalent  with  the  base  present. 
This  must  be  attributed  either  to  some  inaccuracy  in  perform- 
ing the  analysis,  or  to  the  presence  of  a  small  quantity  of  some 
sulpho-organic  acid,  containing  in  its  neutral  salts,  two  atoms 
of  sulphuric  acid  for  each  atom  of  base.  The  former  explana- 
tion is  by  far  the  most  likely  to  be  true,  and  it  seems  probable 
that  the  composition  of  a  neutral  salt  of  this  acid  may  be  repre- 
sented by  one  atom  of  sulphuric  acid,  one  atom  of  organic 
matter,  and  one  atom  of  base. 

A  number  of  compounds  possessing  the  properties  of  acids 
have  been  discovered,  consisting  of  an  acia  oi  sulphur  modi- 
fied by  some  organic  substance.  These  compounds  may  be 
divided  into  two  classes.  In  one  are  comprised  those  acids 
which  are  composed  of  two  atoms  of  sulphuric  acid,  united  to 
one  of  organic  matter  acting  as  a  base,  and  which  consequentiy, 
in  forming  neutral  salts,  unite  with  but  one  additional  atom  of 
base.  In  the  neutral  salts  formed  by  the  other  class,  two  atoms 
of  sulphur  are  also  present  for  each  atom  of  organic  matter 
and  each  atom  of  base,  but  are  combined  with  oxygen  in  such 
proportion  as  to  form  hyposulphuric  acid,  so  that  the  organic 
matter  present  cannot  be  considered  as  acting  the  part  of  a 
base.     Under  the  first  of  these  heads  may  be  enumerated  the 
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sulphovinicy  sulphetheric,  sulphomethylic,  and  sulphocetic 
acids ;  under  the  second,  the  benzosulphuric,  sulphonapthalic, 
and  probably  the  sulphovegetic,  and  several  others.  For  the 
acids  contained  in  the  first  class,  custom  seems  to  have  assigned 
as  a  nomenclature,  a  name  derived  from  the  organic  matter 
entering  into  their  composition,  modified  so  as  to  terminate  in 
ic  and  having  the  term  sulpho  prefixed.  For  the  second,  no 
fixed  rule  seems  to  have  been  laid  down.  The  German  che- 
mist who  discovered  one  of  the  two  acids  whose  composition 
has  been  ascertained  with  sufficient  accuracy  to  enable  us  with 
certainty  to  place  them  under  this  head,  gave  to  it  the  name 
of  benzosulphuric,  while  the  other  acid  still  retains  the  appel- 
lation of  sulphonapthalic,  which  it  received  when  its  composi- 
tion and  properties  were  still  supposed  to  be  analagous  to  those 
ofthesulphovinic  and  other  acids  which  belong  to  the  first  class. 
The  acids  described  in  this  article,  if  the  view  given  of  its  com- 
position be  correct,  must  be  considered  as  belonging  to  a  divi- 
sion of  the  second  class  hitherto  unoccupied,  unless  by  the 
sulphindigotic  acid  of  BerzeUus.  In  the  hemlosulphuric,  as 
in  the  other  acids  of  this  class,  there  is  present  one  atom  of  an 
oxacid  of  sulphur  modified  by  an  atom  of  organic  matter  which 
does  not,  as  in  the  first  class,  act  as  a  base,  or  diminish  the 
saturating  power  of  the  acid.  If,  therefore,  we  should  adopt 
the  nomenclature  of  the  German  chemists,  with  the  change  of 
sulphuric  into  hyposulphuric  as  necessary  to  designate  with 
precision  the  acid  of  sulphur  in  question,  for  the  acids  of  the 
second  class,  calling  them  benzohyposulphuric  and  naptha- 
lohyposulphuric ;  and  applying  the  same  idea  to  the  acid 
described  in  this  article,  name  it  heralohyposulphuric,  the  ends 
to  be  attained  in  forming  a  nomenclature  would  perhaps  be  as 
well  answered  as  is  practicable,  without  departing  too  widely 
fix)m  established  custom. 

Hemlosulphuric  acid  possesses  a  sour  taste  and  peculiar 
odor.  It  does  not  appear  susceptible  of  crystallization,  either 
when  firee  or  as  £au:  as  I  have  examined  its  compounds,  when 
combined  with  l)ases.  The  salts  which  it  forms  with  potash 
lime  and  barytes  leave  in  the  mouth  a  decided  and  long  con- 
tinued impression  of  sweetness.  Though  extremely  soluble 
they  are  not  deliquescent.  If  the  hemlosulphate  of  baiytes  be 
kept  for  a  length  of  time  at  a  temperature  between  600°  and 
600*^,  the  sulphate  of  barytes  and  organic  matter  of  which  it  is 
composed  separate,  the  latter  in  the  shape  of  a  resinous  pow- 
der insoluble  in  water,  though  soluble  in  alcohol  and  ether. 
This  seems  a  singular  instance  of  a  body  very  soluble  in 
water,  afibrding  b^  the  mere  separation  of  its  constituents,  two 
others  eminentiy  insoluble  in  that  liquid. 
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hk  the  lesinoos  yellow  mass  into  which  the  greater  part  of 
the  hemlock  of  oil  is  converted  by  the  action  of  the  sulphuric 
acid,  there  is  present  a  yellow  oil  which  contains  sulphuric 
acid  combined  with  it  in  a  neutralized  state.  By  the  action  of 
ether,  this  oil  may  be  dissolved,  and  by  subsequent  evaporation, 
deposited,  but  when  thus  obtained  it  is  contaminated  by  so 
much  resin  that  though  the  presence  of  sulphuric  acid  may  be 
ascertained,  it  is  impossible  to  determine  the  atomic  com- 
position.* 

From  the  reaction  of  sulphuric  acid,  with  oil  of  turpentine, 
nothing  more  appears  to  be  produced  than  a  reciprocal  decom- 
position ;  though  a  different  result  might  have  been  anticipated 
from  die  close  analogy  which  appears  to  exist  between  this 
essential  oil  and  that  of  hemlock.  Caoutchouchine,  however, 
reacts  with  sulphuric  acid  in  a  manner  quite  analagous  to  the 
oil  of  hemlock,  giving  rise  to  a  yellow  resin  and  an  acid  com- 
pound of  sulphuric  acid  and  organic  matter,  which  forms  solu- 
ble salts  with  lead  and  barytes.  An  oil,  however,  separates 
and  floats  on  top,  which  appears  insusceptible  of  &rther  attack 
from  the  acid. 

LL  Results  of  Experiments  on  the  Vibrations  of  Pendu- 
lums^ with  different  suspending  springs  ;  being  the  substance 
a  paper  by  W.  J.  Frodsham,  F.  R.  S.,  read  before  the 
Royal  Society,  June  21,  1838.  Forwarded  for  msertion 
in  tiiis  Journal. 

The  experiments  of  which  I  am  about  to  give  an  account,  and 
from  which  I  propose  to  draw  some  practical  conclusions,  were 
undertaken  with  a  view  to  determine  whether  some  particular 
condition  of  the  suspending  spring  of  the  pendulum,  with 
respect  either  to  its  length,  its  strength,  or  both,  might  not 
cause  it,  with  a  Ughter  maintaining  power  to  produce  a  given 
arc  of  vibration,  or,  with  a  given  maintaining  power,  to  produce 
a  greater  arc  of  vibration  than  any  other ;  and  at  the  same  time 
to  ascertain  whether  some  practical  means  might  not  be  devised 
for  making  unequal  arcs  of  vibration  in  the  ordinary  pendulum, 
correspond  to  equal  intervals  of  time. 

My  attention  was  drawn  to  the  subject  many  years  ago,  when 
having  replaced  the  spring  of  a  turret-clock  by  a  stronger  one, 
I  found  the  arc  of  vibration  materially  altered. 


•  It  is  well  known  that  by  the  reaction  between  choachydric  acid  and  pare 
oil  of  turpentine,  two  species  of  artificial  camphor  are  generated,  one  solid, 
the  other  liquid.  Having  obtained  both  of  these  compounds  a  few  years  since, 
Dr.  Hare  subjected  the  oil  of  hemlock  to  chlorohydric  acid  by  the  same 

Srooess,  but  could  not  thus  obtain  any  concrete  camphor.    That  which  he 
id  obtain  was  analagous  to  the  liquid  artificial  camphor  abore  mentioned. 
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Having  often  rejQected  upon  the  subject,  I  at  length  resolved 
to  make  some  experiments  to  satisfy  my  mind  respecting  it ; 
and  I  accordingly  had  made  for  the  purpose  a  lenticular  pen- 
dulum bob  of  about  fourteen  pounds  weight,  a  cylindrical  rod 
passing  through  it,  with  a  nut  working  on  a  screw  at  the  lower 
end,  and  supporting  the  bob. 

The  upper  end  of  the  rod  was  slit  to  receive  the  spring ;  and 
the  spring  and  the  rod  were  attached  to  each  other  by  a  pin 
passing  through  a  hole  in  both. 

But  before  fixing  the  pin,  what  I  call  an  Uochronal  piece 
was  slid  over  the  top  of  the  rod,  and  if  this  part  of  the  appa- 
ratus had  served  only  to  attach  the  rod  and  spring  more  firmly 
together,  and  prevent  any  wavering  motion  of  the  pendulum, 
it  would  have  rendered  an  important  service.  This,  however, 
was  but  a  secondary  and  incidental  effect  of  its  appUcation. 

The  piece,  which  I  have  so  named,  is  a  brass  tube  about  five 
inches  long,  fitting  the  pendulum  rod  very  nicely,  and  slit  to 
form  a  spring  for  about  an  inch  at  the  bottom,  so  as  to  slide 
rather  stiflSy  on  the  rod.  At  the  upper  end  of  the  tube  is  a 
clipi  which  is  made  to  embrace  the  suspending  spring  firmly 
by  means  of  two  screws ;  so  that  after  the  pendulum  has  been 
brought  to  the  proper  length  by  the  adjusting  nut  at  the  lower 
•end  of  the  rod,  the  length  of  the  acting  part  of  the  suspending 
fipiing  may  be  varied  at  pleasure,  widiout  in  the  least  altering 
ihe  length  of  the  peodulum,  by  merely  sliding  the  isochrond 
piece  up  or  down  the  rod,  and  tightening  the  screws  of  the 
clip. 

I  also  provided  five  springs  of  different  degrees  of  strength, 
and  a  silken  string,  by  which,  in  the  fiist  experiments,  the 
pendulum  was  suspended. 

The  pendulum  used  was  an  uncompensated  one,  but  in  each 
experiment  it  was  adjusted  to  nearly  the  proper  length  for 
mean  time. 

Commencing  with  the  silken  thread,  or  rather  two  parallel 
threads,  one  behkid  the  other,  I  suspended  the  pendulum 
within  Ae  case  of  a  clock,  perfectly  detached  from  tihe  works, 
no  maintaining  power  being  applied. 

Each  degree  of  the  scale  on  which  the  arcs  of  vibration 
were  noted,  was  nearly  '8  of  an  inch  in  length,  and  a  degree 
was  sub-divided  into  twenty  equal  parts. 

I  drew  the  bob  aside  2^,  and  leaving  it  to  vibrate  by  its  own 
gravity,  I  found  the  arc  of  vibration  was  reduced  from  2°  to  1°, 
and  &E>m  P  to  ^^,  in  tiie  times  noted  as  under. 

Arc  of  vibration  from  2^  to  1^  in  20m.  1 5s. 
Do.  do.  1    to  J       23        6 
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On  repeating  the  experimenti  the  results  were : — 

Arc  of  yibration  firom  2^  to  1^  in  21nL  Os. 
Do.  do.*  1   to^       24      0 

Drawing  the  pendulum  aside  1%  I  found  from  five  succes- 
stre  trials  that  the  arc  of  vibration  was  reduced  to  half  a  degree 
in  the  times  following : — 

From  1^  to  i""  in  21nL  458. 
Do.  do.       22      45 

Do.  do.       22        0 

Do.  do.       22     W 

Do.  do.       23        0 


Mean,      ...        22     24 

The  mean  of  the  two  preceding  corresponding  results  is 
23m.  12s.  The  difference  may  be  satis&ctorily  accounted  for, 
by  the  difficulty  of  ^ettiug  off  the  pendulum  at  the  precise 
point  intended,  and  of  noting  the  time  what  the  are  is  di* 
jninished  to  the  proposed  quantity. 

It  is  apparent  from  these  experiments,  that  when  a  pendu- 
lum is  freely  suspended,  and  left  to  vibrate  from  its  own 
gravi^,  the  arc  of  vibration  is  sooner  reduced  irom  2^  to  P, 
than  m>m  P  to  i^f  as  might  indeed  be  anticipated  from  the 
increased  resistance  experienced  by  the  bob,  while  moving 
through  a  greater  space  in  the  same  time. 

I  attached  the  pendulum,  suspended  as  before,  to  a  clock, 
with  a  maintaining  power  of  61b.  8oz.,  but  the  clock  stopped 
in  39  miuutes ;  and  setting  it  off  again,  it  stopped  in  43  mi- 
nutes ;  but  on  applying  a  weight  of  61b.  lloz.,  the  clock  con- 
tinued to  go;  thus  showing  that  a  weight  of  61b.  lloz.  was 
sufficient  to  keep  the  pendulum  in  vibraticm,  while  one  only 
3oz.  lighter  was  not 

The  arcs  of  vibration  in  the  preceding  experiments  being 
smaller  than  is  desirable  in  practice,  I  proceeded  to  experi- 
ment with  heavier  weights,  the  pendulum  being  still  suspended 
by  the  parallel  silk  threads,  noting  in  each  case  the  arc  of 
vibration  and  the  rate  of  the  clock,  viz.,  its  gain  or  loss  in 
24  hours. 

In  the  following  experiments  each  succeeding  pair  is  to  be 
considered  as  giving  the  results  for  two  consecutive  days, 
though  more  than  one  day  occasionally  elapsed  between  the 
times  at  which  the  sets  were  taken. 
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W«igbt.  ArcofVibratioii.  Rate. 

14  6oz.  2^     8,  —  98     .0  \ 

8  0  1     80  +  0       .7  J 

141b.  6  2°     3  .  —  10    .0 

8  0  1     80 

11  2     1  1     45 

8  0  1     80 

=19  0  ....    2     16 


10  .0  1 

0  .0) 

—  7  .0] 

+  1  .of 

—  18  .Oj 


It  hence  appears,  that  when  a  pendulum  is  suspended  by  a 
flexible  string,  a  heavier  weight  and  a  consequent  greater  arc 
of  vibration,  causes  the  clock  to  lose. 

The  following  are  the  dimensions  of  the  springs  which  were 
experimented  with : — 

Number-  Breadth.  Thickness.. 

1  -        -850  inch        -         001  inch. 

2  -        -390       -        -         002 
8        .         -895      -         -        -008 

4  -        -895       -        -         004 

5  -         -400       .         -         085 

The  pendulum  being  suspended  by  the  weakest  string,  No- 
1,  the  times  were  noted  as  before,  in  which  the  arcs  of  vibra- 
tion were  reduced  from  2°  to  1°,  and  from  1°  to  J^,  no  main- 
taining power  being  appUed. 

Arc  reduced  from  2*^  to  1*^  in  Ih.  58m. 
Do.  do.  1      57 

Do.  1    to  1^        2       8 

Do.  do.      J        2      10 

With  the  same  spring,  and  a  maintaining  power  of  41b.  loz. 
and  21b.  2oz.,  the  following  arcs  of  vibration  and  rate  of  the 
clock  resulted  from  two  consecutive  days,  the  effective  length 
of  the  spring  being  *92  inches. 

Weight.  Arc  Rate. 

41b.  loz.  2°    8'  -  9s.  6 

2       2  1     80  -  6     1 

The  pendulum  being  suspended  with  spring  No.  2,  and 
clipped  at  '92  inch,  without  maintaining  power,  the  arcs  of 
vibration  were  reduced  as  follows : — 

From  2^  to  1°  in  2h.  20m.  Os. 
Do.     2—1—2     20     44 
Do.     1    —  i  —  2     26      0 
Do.     1—1—2     26      0 

Applying  41b.  loz.  and  21b.  2oz.  in  succession,  as  a  main- 
taining power,  I  found  as  under : — 
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Wdgfat  Arc  of  Titealte.  Bate. 

4lb,  loz.  2^     y  -Os.  -2 

2      2  1    36  +2-5 

With  spiing  No.  3,  and  effective  length  *92  inch,  the  follow- 
ing results  were  obtained  on  two  consecutiTe  days : — 

Wdgfat  Are.  Bate. 

41b.  loz.  2<^     ly  —28.  -5 

2       2  1      39  —2     -8 

Reducing  the  effective  length  of  the  spring  to  '8  inch,  the 
following  r^ults  were  obtained  on  consecutive  days : — 

Wei^  Aie.  Bate. 

41b.  loz.  2<>     y  Os.   0 1 

2       2  1     30  0 

4       1  2       9 

2       2  1     30 

4       1  2      9 

Hence,  with  either  of  tiiese  lengths  of  tiiis  spring,  the  rate 
does  not  appear  to  be  perceptibly  influenced  by  tiie  extent  of 
the  arcs  of  vibration.  In  £ict,  the  vibrations  of  the  pendulum 
may,  for  all  practical  purposes,  be  ccmsidered  as  isochronous. 

The  effective  length  of  the  spring  was  tiien  increased  to  '92 
inch,  and  the  following  results  were  noted,  without  maintaining 
power: — 

Arc  reduced  from  2^  to  1^  in  2h.  26m.  Os. 
Do.     do.  2        12    25     45 

Do.     do.  1        i        2    37       0 

Do.     do.  10        2    36     40 

On  three  other  occasions,  with  the  same  spring,  and 
effective  length  '92  inch,  the  following  comparative  results 
were  obtained : — 


—  0  -5) 
— 0  •2J- 
— 0     -2) 


Weight 

Aic 

Rate 

41b.  loz. 

2"» 

15' 

—  4b.  0 

2      2 

1 

89 

—  4     -2 

4       1 

2 

15 

—  5     0 

2      2 

1 

39 

—  5     "2 

4       1 

2 

15 

—6     0 

4       I 

2 

15 

—  5     0 

Shewing  that  even  with  different  lengths  of  this  spring, 
the  vibration  may  be  considered  as  isochronous,  with  consider- 
ably different  arcs  of  vibration ;  and  also  that  with  this  springy 
a  greater  arc  of  vibration  is  produced  with  the  same  maintain- 
ing power,  than  with  any  other  sping  that  has  been  tried. 

Spring  No.  4  was  next  appliea  wi&out  maintaining  power* 
Vol.  IV.— No.  22,  March,  1840.  C  c 
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With  it  the  arc  of  vibration  was  from 

2°  to     1^    in     Ih.  47m. 

do.  1  48 

do.  1  5a 

lo  to    i^  1  54 

do.  1  55 

do.  1  58 

do.  2         b 

Applying  maintaining  power  of  41b.  loz.  and  21b.  2oz.  res- 
pectively, with  '97  inch  effective  length  the  following  results 
were  noted : — 

Weight.  Arc.  Rate. 

41b.  loz.  2^    6'      •  —2s.  -2 

2      2  1     30  1-2 

Even  with  this  comparatively  stiff  spring,  the  arc  of  vibration 
is  greater  with  a  maintaining  power  of  41b.  loz.  than  it  was 
wil£  141b.  6oz.,  when  the  pendulum  was  suspended  by  two 
parallel  silk  threads.  But  the  rate  appears  to  vary  more  with 
the  arc  of  vibration,  than  it  did  when  No.  3  was  used. 

Reducing  the  length  of  this  spring  to  '66  inch,  the  following 
results  were  obtained : — 

Weight.  Arc.  Rate. 

41b.     loz.  2<^     8'  —14s.    1 

2         2  1     27  -11-5 

Sliding  up  the  isochronal  piece  still  further,  till  the  length 
of  the  effective  part  of  the  spring  was  reduced  to  *50  inch,  the 
following  were  me  results : — 

Weight.  Arc.  Rate* 

41b.     loz.  2°    3'  —IBs.  -0 

2        2  1    12  —14-5 

This  further  shortening  of  the  spring  appears  to  have  had  a 
perceptible  effect  on  the  arc  of  vibration,  when  the  lighter 
weight  was  applied. 

I  lastly  attached  the  strongest  spring.  No.  5,  and  with 
effective  length  1*0  inch. 

Weight.  Rate. 

41b.  13oz.  — 15s.  '5 

2       10  —13     -5 

Reducing  the  length  of  this  spring  to  '8,  the  following 
results  were  obtained : 

Weight.  Rate. 

61b.     3oz:  —14s.    6 

2       10  —12     -4 
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Siding  ap  the  isochronal  piece  still  further^  till  the  length 
of  the  e^Uve  part  of  the  spring  was  reduced  to  '50  inch  the 
following  were  Uie  results : 

Weight.  Rite. 

41b.     13oz.  —12s.    0 

2         10  —  8     -2 

The  lighter  weight,  21b.  2oz.  employed  on  experimenting 
with  the  weaker  springs,  was  found  insufficient  to  keep  the 
pendulum  in  vibration  with  No.  5 ;  21b.  lOoz.  was  found 
adequate  to  the  purpose,  and  it  was  therefore  employed. 

In  experimenting  with  this  spring,  the  arcs  of  vibration  were 
not  noted,  as  I  found  that  both  it  and  No.  4  were  too  strong 
for  the  weight  of  the  bob  I  was  using,  and  to  which  the  experi- 
m^ts  indicate  that  No.  3  was  excellently  adapted. 

The  arc  of  vibration  with  the  spring.  No.  3,  (viz.  2°  16')  using 
a  weight  of  41b.  loz.  required  191b.  weight  to  produce  it  when 
the  pendulum  was  suspended  by  the  silken  threads. 

It  appears  then,  from  the  preceding  experiments  on  suspend- 
ing springs  differing  in  length  and  strength,  that  there  is  one 
which,  with  a  given  maintaining  power,  produces  a  greater  arc 
of  vibration  than  others,  and  gives  the  same  arc  of  vibration  with 
a  smaller  maintaining  power;  and, further,  that  with  this  same 
spring  the  vibrations  may,  in  point  of  time,  be  all  considered  as 
isochronous,  whether  the  arcs  are  large  or  small.  And  with 
the  aid  of  the  isochramU  pece,  a  spring  of  the  proper  length 
and  thickness  may  easily  be  selected  in  a  very  few  trials.  . 

It  may  be  noticed  too,  that  unless  this  pendulum  is  first 
isochronized  by  some  such  method  as  that  which  has  been 
pointed  out,  anomalies  may  be  imputed  to  imperfect  compen- 
sation,  which  have  their  origin  in  a  very  different  source. 

In  fine,  it  may  be  stated  in  conclusion,  that  if  the  pendulums 
of  astronomical  clocks  were  Aimished  with  what  I  have  called 
an  isochronal  piece,  any  person  possessing  a  few  springs  of 
different  degrees  of  strength,  may  with  veiy  Uttie  oifficulty 
determine  what  spring  is  best  adapted  to  the  weight  of  the 
pendulum,  and  also  what  part  of  the  spring  may  be  most 
advantageously  employed  in  action ;  and  I  shall  not  think  that 
the  attention  which  I  have  given  to  this  subject  has  been  mis- 
spent, if  any  thing  that  I  have  done  may  contribute  to  the 
advancement  of  an  art  to  which  I  have  been  professionally 
devoted  during  the  whole  of  my  life. 
LondoD,  Karob,  1839.  ^ 
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in.    Effects  of  Liffhtning  upon  the  packet  ship  New  Fork  ; 
bj  Mr.  Chables  Rich,  at  the  request  of  the  Editors.* 

Upon  my  first  visit  to  Liverpool  in  May,  1827,  the  vessel  in 
which  I  arrived  was  moored  in  Prince's  dock  along  side  the 
packet  ship  New  York,  Capt  Bennett.  This  ship  I  repeatedly 
visited,  and  indeed  was  obliged  to  cross  her  deck  to  reach  the 
whar£  Having  been  informed  that  she  had  been  injured  by 
lightning  during  her  passage,  I  examined  her  several  times,  and 
the  following  are  the  main  facts  that  I  remember. 

The  ship  sailed  firom  New  York  in  April,  and  on  the  third 
day  out,  being  the  19th,  while  in  the  Gulf  Stream,  in  lat  38^  V 
N.  and  Ion.  61°  W  W.,  was  struck  by  lightning  at  about  day- 
light in  the  morning.  The  passengers  being  still  in  their 
berths,  were  roused  by  a  heavy  report  Uke  that  of  a  cannon 
close  to  dieir  ears,  and  the  cabin  was  filled  with  a  dense  smoke 
smelling  like  sulphur.  It  had  been  broad  daylight,  but  was 
now  almost  dark  as  night  Rain  fell  in  torrents — ^hail  covered 
the  deck ;  the  lightning  and  thunder  were  almost  simultaneous ; 
the  sea  ran  veiy  high,  and  the  water  being  at  74°  F.  and  the 
air  at  48o,  the  copious  evaporation  produced  pillars  of  con- 
densed vapour  reaching  to  die  clouds.  The  scene  was  one  of 
terrific  sublimity.  Some  parts  of  the  ship  and  spars  were  for  a 
moment  on  fire,  but  were  quickly  extinguished  by  the  rain. 

The  fluid  first  struck  her  main  royal  mast,  burst  asunder 
three  stout  iron  hoops  with  which  it  was  bound,  and  shattered 
the  mast  head  and  cap.  It  passed  down  the  mainmast,  one 
branch  entered  a  store-room  and  demolished  the  bulk  heads 
and  fittings ;  thence  it  went  into  the  cabin,  and  conducted  by  a 
lead  pipe  passed  out  through  the  ship's  side  between  wind  and 
water,  starting  the  ends  of  three  five  inch  planks.  During  its 
progress  it  burst  open  the  harness  casks,  sluvered  to  pieces  the 
large  looking  glass  in  the  ladies'  cabin,  and  being  conducted 
by  the  quicksilver  on  the  back,  it  left  the  frame  uninjured;  Jt 
overturned  the  piano  forte,  split  into  several  pieces  the  dining 
table,  and  by  its  influence  so  highly  magnetized  the  chrono- 
meter as  to  render  it  during  that  passage  not  trust-worthy. 
Most  of  the  watches  which  were  under  the  gentlemen's  pillows 
were  so  highly  magnetized  as  to  stop  them,  and  render  it 
necessary  to  remove  all  the  steel  work.  The  gentlemen  them- 
selves were,  without  exception  uninjured,  owing  doubtless  to 


•  With  additional  facts  selected  bj  the  editors  Arom  the  MX  account  pub- 
lished in  Li?erpool,  May  12, 1827,  and  quoted  in  the  New  York  Spectat«r» 
Jnne  20, 1827— ^ti/tnuut'f  Journal 
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lite  non-condacting  properties  of  the  beds  upon  which  they 
were  sleeping.  At  the  time  the  ship  was  stmck,  the  lightning 
conductor  had  not  been  pot  up ;  but  it  was  immediately  after 
the  accident  raised  to  tiie  main-royal-mast  head. 

The  conductor  consisted  of  an  iron-chain  with  links  one 
fourth  of  an  inch  thick  and  two  feet  long,  turned  into  hooks 
ateachend;  at  the  top  it  ended  in  an  iron  rod  half  an  inch  thick 
and  four  feet  long,  having  a  polished  point  and  rising  two  feet 
above  the  mast  head;  tiie  chain  descended  down  over  the 
quarter,  and  being  pushed  out  from  the  ship's  side  about  ten 
feet  by  an  oar,  d^ended  a  few  feet  below  tiie  sur&ce  of  the 
water. 

Near  two  o*clock,  P.  M.  it  was  observed  that  only  four 
seconds  intervened  between  the  lightning  and  the  thunder. 
At  two  o'clock  there  was  a  simultaneous  flash  and  a  shock  like 
that  in  the  morning ;  passengers  in  the  cabin  saw  the  appear- 
ance of  a  ball  of  fire  darting  before  them  while  the  glass  in 
the  round  house  came  rattling  down.  To  those  on  deck  the 
ship  appeared  to  be  in  a  blaze,  so  vivid  was  the  flash  which 
they  saw  distinctiy  darting  down  the  conductor  and  agitating 
the  water.  All  parts  of  the  ship  as  before  weje  filled  with 
smoke  smelling  of  sulphur.  Although  the  conductor  was  of 
the  size  which  Dr.  Franklin  thought  sufficient  to  sustain  the 
severest  shock  of  lightning  without  injuiy,  yet  it  was  literally 
torn  to  pieces  and  scattered  to  the  winds,  while  it  saved  the 
ship,  llie  pointed  rod  at  the  top  of  the  conductor  being 
fused,  was  shortened  several  inches  and  covered  over  witii  a 
dark  coating ;  some  of  the  links  of  the  chain  had  been  snapped 
off  and  others  melted.* 

The  shock  afiected  the  polarity  of  all  the  compasses  on 
board,  causing  them  to  vary  firom  the  true  point  and  to  range 
between  each  other,  but  they  gradually  returned  within  three 
points  of  truth.  The  chronometer  of  Captain  Bennett,  the 
conmiander  of  the  ship  which  did  not  usually  vaiy  more  than 
three  seconds  in  crossing  the  Atlantic,  was  now  quite  out  of 
time ;  it  had  gauied  for  a  considerable  period  seven-tenths  of 
a  second  (in  24  hours,)  and  being  9m.  42s.  slow  of  Green- 
wich time  when  the  vessel  left  New  York,  was  found  at 
Liverpool  to  be  24m.  SSs.  fast  of  Greenwich,  making  a 
difierence  of  34m.  15s. 

Three  gold  lever  watches  belonging  to  gentlemen  passengers 
became  so  magnetized  as  to  require  that  the  principle  part  of 


•  It  is  said  that  the  same  thinff  once  happened  in  a  Dutch  chorch  in 
flew  York ;  a  chain  connected  with  the  dock  was  melted  and  probably 
cared  the  dmrch. 
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the  steel  work  &houId  be  removed  These  parts  had  become 
true  loadstones  acting  as  magnets.  It  is  in  our  recollection, 
also  that  in  other  accomits  published  at  the  time  it  was  stated 
that  the  knives  and  forks  and  other  articles  of  steel  and  iron 
became  magnetized.  Happily  no  person  was  killed,  although 
several  were  knocked  down  and  more  or  less  injured. 

Remarks, — ^In  consequence  of  receiving  the  notice*  com- 
municated by  Mr.  Rich,  we  have  been  induced,  to  republish 
the  principal  facts  in  the  case  of  the  packet  ship  New  York, 
although  the  events  happened  twelve  years  ago.  The  case 
was  so  remarkable,  that  the  results  ought  to  be  preserved  as 
part  of  the  permanent  records  of  science. 

No  case  could  more  decisively  prove  the  importance  of  con- 
ductors. Had  the  ship  been  Airnished  with  the  iron  chain  and 
rod  at  the  moment  of  the  first  stroke  it  is  almost  certain  that 
she  would  have  escaped  with  little  or  no  injuiy.  Had  the  top- 
mast which  was  then  shivered  (its  stout  iron  bands  two  or  thr^ 
inches  broad  and  half  an  inch  thick  .being  burst  asunder) 
been  protected,  there  can  be  no  doubt  that  the  Ughtning 
would  have  shot  down  the  conductor,  saved  the  mast,  and 
passed  harmlessly  into  the  sea.  This  was  decisively  proved  in 
the  second  case,  when  the  ship  was  again  struck  at  two 
o'clock,  P.  M. 

Her  iron  chain  was  then  up,  and  the  pointed  ircm  rod 
ascended  two  feet  above  the  highest  topmast  She  appears  to 
have  been  enveloped  in  a  condensed  electrical  atmosphere ; 
the  clouds  being  so  low  that  the  flash  and  explosion  were 
simultaneous ;  and  had  there  been  no  conductor,  the  seccmd 
stroke,  which  appears  to  have  been  more  powerful  than  the 
first,  might  have  proved  &tal  to  many  of  those  on  board.  The 
discharge  which  the  conductor  received  seems  to  have  been  more 
than  it  was  able  to  convey  away ;  hence  some  of  the  people 
were  prostrated  although  not  Idlled;  they  were  evidently 
affected  mechanically  by  the  explosion,  and  electrically  by  the 
all-pervading  electrical  atmosphere  around,  but  not  being  made 
part  of  the  chain  of  discharge  they  escaped  with  little  harm. 
The  conductor  was  melted  at  the  top  and  glazed,  doubtless 
with  vitrified  oxide,  and  the  chain  exploded  in  fi:agmeuts  all 
about  the  ship.  This  proves  that  the  conductor,  although  it 
preserved  the  ship,  was  not  perfect  in  construction  or  sufficient 
m  size. 

Hooks  and  chains  are  objectionable  because  the  continuity 
of  communication  is  interrupted  by  the  intervening  films  of 


*  Of  which  •  abort  aoooant  wm  published  iir  this  Journal,  Vol.  zxi,  p.  S61. 


Digitized  by  VjOOQ IC 


Bg  Mr.  Chatter  Bieh.  S75 

air.  It  were  imich  better  to  tAapi  the  rope  made  of  twigted' 
copper  wire.  It  might  be  made  of  any  desired  size,  and* 
having  perfect  continuity,  there  wooli  be  no  interruption  io 
the  passage  of  the  electricity.  Being  perfectly  flexible,  it 
migfat  eaaly  be  coiled  and  stowed  away  like  any  of  the  iig«> 
ging,  and  it  would  adapt  itself  to  any  flexion  of  the  epars  and 
masts.  It  should  be  terminated  above  by  a  solid  pointed  con* 
ductor  ot  copper  or  mm.  Such  a  protection  as  this  we  can 
hardly  doubt  would  prove  suflicient,  although  in  the  case  of 
very  Icmg  ships  it  might  be  proper  to  have  more  than  one  con- 
ductor.  In  steam  sUps  there  is  an  additional  protection  de- 
rived from  their  vast  metallic  apparatus  which  by  its  com-, 
munication  with  the  water  afifords  the  best  possible  channel  of 
discharge. 

It  is  true  that  some  years  i^  an  explosion  occurred  in 
Charleston  harbour,  in  the  bouer  of  the  Savannah  steam 
packet,  from  her  bein^  struck  by  lightning;  caused  possibly 
by  tbe  sudden  expansion  of  the  steam  already  generated,  or 
the  sudden  generation  of  more  steam  by  the  intense  heat.  In 
conversation  with  the  late  Mr.  Samuel  Howard  in  whose 
charge  the  boat  was  at  the  time,  he  distinctly  attributed  the 
explosion  to  the  lightning.* 

In  the  case  of  steam  shms  it  may  therefore  be  prudent  to 
pass  the  conductor  directly  into  the  water  and  not  to  the 
boilers  or  other  metallic  apparatus ;  although  we  should  hardly, 
expect  any  mischief  especially  in  the  Atlantic  steamers, 
whose  amount  of  conductmg  surface  is  so  prodigious.  Every 
thing  however  goes  to  prove  that  all  ships,  especially  ships 
for  passengers  where  the  risk  of  life  may  be  great,  should 
be  provided  with  the  b€«t  metallic  conductors. 

Another  fact  which  is  remarkable  in  the  case  of  the  packet 
ship  New  York,  b  the  energetic  magnetbm  that  attended  the 
Ugbtning;  chronometers,  common  watches,  and  compass- 
needles  being  all  (by  the  lightning^  rendered  erratic  and  dan- 
gerous guides,  no  longer  to  be  relied  on.  We  conceive  that 
good  conductors  would  probably  prevent  or  greatly  mitigate 
even  these  effects ;  but  as  it  may  not  be  possible  entirely  to 
shun  tbe  effects  of  electricity,  and  as  it  is  of  the  utmost  impor- 
tance that  the  compass-needle  should  always  be  correct,  we 
venture  to  suggest  a  remedy. 

Let  every  ship  be  provided  with  a  small  calorimotor  and  the 
appendages  of  helix-wires,  acids,  &c.  yfi&i  this  apparatus 
the  neeiUes  could  be  instantly  restored  or  new  ones  (unmag- 


» He  waa  a  geoUeman  of  onooiiimoii  intelligenoe  and  good  jodgmeiit— San.  Ea. 
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netis^  and  carried  for  ibe  purpose)  may  be  manetized  with 
Q^iamty  and  with  all  reauisite  energy  and  diapatou    Practical 
directions  can  easily  be  givrai  if  desired* 
Kew  HaT€%  SeptMnber  9,  18t&— Bds. 


IjIII.  On  a  remarkable  property  of  Electrical  Tension  ;  By 
Christian  Dopplbb,  I^ofessor  of  Mathematics  at  the 
Polytechnic  Institute  of  Prague.    jFhm  the  Zeitschrift  fiir 

.  Physik,  &C.,  VoL  V,  Part  8yp.  342.     Vienna,  1837. 

Marked  and  decided  as  has  of  late  been,  thanks  to  the 
reseatcfaes  of  the  first  philosophers  of  the  day,  our  progress  in 
all  tiie  branches  of  electrical  science,  and  active  as  their 
endeayors  have  been  to  add  further  facts  to  those  we  are  ahready 
in  possession  of  with  respect  to  the  reciprocal  action  of  electric 
currents  on  each  other  or  upon  magnets,  or,  inversely,  the 
influence  of  the  latter  on  electrical  currents,  yet,  we  are  never- 
theless, forced  to  Qonfess,  that  the  insight  which  we  have 
gained  into  the  essential  nature  of  tins  mysterious  fluid,  has 
by  no  means  kept  pace  with  our  progress  m  other  respects. 

And  however  remote  our  hope  may  be  of  seeing  tois  por- 
tion of  natural  science  worked  out  in  the  satisfactory  manner 
that  others  have  been,  yet  we  cannot  but  assent  to  the  impor- 
tance, and  indeed  the  ultimate  necessity,  of  entering  upon  the 
enquiry :  and  consequently,  every  effort  we  make  and  every 
&ct  we  can  adduce,  tending,  even  indirectly,  to  further  the 
investigation,  is  worthy  of  attention. 

Bearing  this  in  mino,  I  do  not  hesitate  to  make  known  the 
results  of  an  experiment,  which,  should  its  truth  be  borne  out 
by  subsequent  observers,  may  possibly  lead  to  inferences  of 
some  importance. 

Some  years  a^o,  on  the  occasion  of  my  publishing  an 
essay  upon  the  kindred  subject  of  the  probable  causes  of 
electrical  excitation,^  I  was  led  to  the  conclusion,  that 
wherever  there-  is  a  case  of  electrical  tension  there  must 
of  necessihr  occur  a  change  in  the  shape  of  the  electrified 
body ;  and  therefore,  that  on  submitting  a  metal  rod  to  such 
tension  it  must  necessarily  contract.  To  test  the  truth  of 
this  inference,  the  following  experimentsf  were  instituted 
alternately.    A  brass  tube  of  about  three  feet  long,  and  like- 

9  8m  Jahilmclief  det  k. k- polytMlii  Inrtitntet ta  WkD. vol.  17. 

f  They  were  Mifonned  at  the  Polytech :  Institnte  at  Vieona,  about  fife 
yean  affOy  with  the  aid  of  the;Ck>mpantori  an  iutnunent  admirabl 
te  iQib  ddieatt  meafineBeiiti. 
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wise  a  sdid  bar  of  rimilar  lengdi,  but  not  near  so  tlnck  as  the 
iionner,  was  laid  upon  insulating  supports  between  the  two 
feelers  of  a  very  sensitive  arrangement  of  levers  of  contact, 
being  however  kept  out  of  contact  with  tb^n,  by  the  inser- 
tion of  strq>s  of  glass  of  suitable  thickness. 

Now  inunediately  on  receiving  even  a  moderate  charge  of 
dectridty,  the  index  of  the  lever  of  contact  began  to  move 
perceptibly,  and  to  indicate  that  a  ^adual  contraction  of  the 
bar  was  taking  place,  and  thb  motion  augmented  so  rapidly 
as  the  tension  increased  tiiat,  in  order  to  enable  the  eye  to 
follow  the  range  of  the  index  with  greater  facility,  it  became 
necessary  to  substitute  a  simple  lever  of  contact,  for  the  com- 
pound one  which  was  at  first  employed.  Every  time  the  elec- 
tric spari^  was  drawn  from  the  bar,  or  every  time  that  it 
rntaneously  discharged  itself,  the  instantaneous  recoU  of 
index  of  me  lever,  mdicated  the  restoration  of  the  original 
length  of  the  metal ;  from  which,  however,  there  was  again 
a  transition  to  contraction,  immediately  the  state  of  tension 
was  renewed. 

These  experiments  were  repeated  several  times,  and  always 
widi  the  same  results,  with  however  this  difference,  namely, 
that  the  contraction  when  the  tube  was  employed  was,  pro- 
bably on  account  of  its  greaterextent  of  surface,  much  more 
marked  than  when  the  bar  was  used.  These  results  are  the 
more  surprising,  inasmuch  as  on  account  of  the  gradual  in- 
crease of  temperature,  (for  in  these  preliminary  experiments, 
a  single  pair  of  galvanic  elements  was  also  used,)  we  should 
rather  have  looked  for  an  expansion  of  the  metal. 

Now,  though  at  the  time  of  performing  these  experiments,  I 
had  reason  to  rest  satisfied  witn  having  completely  established 
what  I  had  in  view  ;  yet,  I  now  feel  convinced  from  having 
Bubsequentiy  thought  the  subject  over,  tiiat  the  results  then 
obtained,  bear  out  certain  inferences  not  perhaps  altogether 
unimportant  respecting  the  constitution  and  actual  nature  of 
the  electric  flmd.  Nothing  but  the  idea  however,  that  this 
problematic  phenomenon  may  be  looked  on  by  other  experi- 
menters as  of  suflScient  importance,  to  have  its  existence 
completely  established  or  disproved,  bv  a  repetition  of  my 
experiment,  could  induce  me  to  lay  it  thus  before  the  public, 
in  a  state  so  imperfect  in  many  respects.  And  though  for 
the  present,  that  is  to  say,  till  it  is  established  as  an  mdis- 
putable  feet;  I  very  properly  refrain  frt>m  expressbg  an 
opmion  on  tiie  subject ;  yet  I  trust  I  may  be  permitted  to 
subjoin  a  remark  or  two,  and  to  allude,  in  passing,  to  an  appli- 
cation of  which,  this  new  property  of  electrical  tension  is 
perhaps  susceptible. 
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Simply  putting  ibis  property  of  dectrical  tension  beyond  a 
doubt  by  careful  and  accurate  experiments,  would  certainly — 
as  far  as  it  went,  be  a  step  in  science  ;  but  the  subject  would 
gain  additional  interest,  if  in  the  investigation  regard,  was  at 
Uie  same  time,  paid  not  only  to  the  length,  but  also  to  the  shape 
and  other  qualities  of  the  conductor,  semi-conductor,  or  non* 
conductor.  For  in  [K)int  of  fact,  it  is  by  no  means  improbable 
that  a  contraction  which  is  considerable  enough  to  be  measured 
and  expressed  in  numbers,  will  turn  out  to  be  proportional  to 
the  length  of  bars  of  similar  form,  but  that  its  amount  will  vary 
with  the  different  metals  employed.  And  this  result  may  be 
especially  anticipated  in  the  case  of  such  metals  as  indicitto 
opposite  states  of  electricity,  as  for  instance,  copper  and  zinc. 
It  would,  in  fine,  be  well  to  enquire  whether  the  same  identi- 
cal bar  charged  to  an  equal  amount  of  tension,  as  indicatdi 
by  the  electrometer,  first  positively  and  then  negatively,  would 
indicate  precisely  the  same  amount  of  contraction. 

Now  should  this  power  of  electrical  tension  to  contract 
metal  rods  so  considerably  (a  fact  of  which,  as  matters  now 
now  stand,  I  cannot  entertain  a  doubt,)  be  really  borne  out 
by  further  experiments ;  the  idea  of  having  recourse  to  it 
for  the  construction  of  an  electrometer  on  a  new  principle, 
suggests  itself  readily  enough.  Without  entering  into  a 
discussion  as  to  the  best  arrangement  for  such  an  instrumait, 
I  mav  be  permitted  to  observe  that  probably  any  thin  strip  of 
metal,  one  of  whose  sides  is  covered  with  an  elastic  non«€on- 
ductor ;  as  for  instance,  a  coat  of  elastic  varnish,  would,  on 
being  coiled  up  into  a  conical  spiral,  probably  answa*  the 
purpose  very  well.  One  of  its  ends  would  have  to  carry  an 
mdex,  as  is  the  case  with  a  metalic  thermometer,  or  would  be 
made  to  communicate  its  motion  to  a  lever. 

The  amount  of  contraction  thus  placed  at  our  disposal  and 
which,  all  things  considered,  is  by  no  means  inconsiderable, 
justifies  the  presumption  that  such  an  arrangement  would 
furnish  us  with  a  very  sensitive  electrometer. 

It  will  not  perhaps  be  thought  two  much  if  in  concluding 
this  short  communication,  I  express  the  hope  that  other 
observers  will  consider  this  phenomenon  worthy  of  further 
notice  and  examination. 

JULIAN  GUGGSWORTH. 

Wormwood  Scrubs,  ISUi  April,  1S39. 
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LIV_Oii  Ike  Vmdicatmg  EUetricUy  qf  (hw^foet  Sttiid 
Insulating  Siraia.* 

The  first  phenomeDa  that  have  been  observed  with 
r^ard  to  the  vindicating  electricity  of  compact  insulatiDg 
strata,  were  those,  a  notice  of  which  was  sent  by  the  father 
Jesuits  at  Pekin,  to  die  academy  of  St  Petersburg,  in  the 
year  1755,  and  which  may  be  read  in  the  7th  volume  of  the 
new  commentaries  of  this  academy.  Signer  Symmer  in  his 
third  Memorial,  which  was  read  in  the  Royal  Society  of 
London,  the  20th  of  December,  1759,  says  he  charged  two 
thin  sheets  of  glass,  joined  together  by  their  naked  surfaces, 
and  externally  coated ;  when  uie  charge  was  completed,  he 
took  the  upper  plate,  by  two  of  its  angles,  and  when  be 
raised  it,  he  saw  that  the  under  plate  stuck  to  it,  and  re- 
mained suspended  to  it;  when  he  had  discharged  the  plates, 
the  adhesion  ceased.  He  recharged  the  two  plates,  then 
having  inverted  them  when  thus  united,  he  made  the  plate 
Ihat  communicated  at  first  with  the  chain,  communicate  now 
with  the  ground,  and  that  which  communicated  with  the 
ground,  communicate  with  the  chain ;  when  he  found  that 
after  the  electrization  had,  in  this  state  of  thin^,  been 
continued  a  certain  time,  all  adhesion  ceased.  Usmg  after- 
wards two  plates  coated  on  both  their  contiguous  surfaces,  he 
found  that  no  adhesion  took  place.  Signer  Symmer  makes 
use  of  these  two  experiments  in  orc^er  to  confute  the  theory 
advanced  by  certain  philosophers,  of  two  electric  fluids,  the 
one  affluent^  the  other  effluent ;  he  pretends  that  each  of  the 
two  distinct  united  glasses  may  be  considered  as  the  one  of 
the  suifaces  of  a  single  plate ;  that  one  of  the  glasses  is  im^ 
pregnated  with  an  electricity  of  one  kind,  and  the  other  ^lass 
with  an  electricity  of  another  kind ;  he  moreover  is  of  opinion 
that  the  adhesion  of  the  two  naked  plates  of  glass  is  a  de- 
monstrating proof  of  the  existence  of  two  antagonist  forces. 

Signor  Cigna,  in  the  fourth  chapter  of  his  dissertation, 
carried  still  farther  the  experiment  of  the  fathers  of  Pekin, 
and  of  Signor  Symmer.  He  relates  that  two  naked  glasses, 
by  rubbing  the  upper  surface  of  them,  remained  united,  both 
to  each  ouer,  and  to  the  gilt  paper,  or  the  sheet  of  lead,  on 
which  the^  were  placed ;  uat  in  this  state  they  gave  no  sira 
of  electricitv;  that  if  tiiey  were  then  separated  firom  tne 
paper,  or  the  lead,  they  manifested  on  their  two  external 
surfaces  the  same  kinds  of  electricity ;  that  if  the  paper  or 
lead  was  again  joined  to  the  glasses,  the  electric  signs  agaui 
ceased;  tluLt  if  the  paper,  or  lead,  was  kept  parted  from  the* 
glasses  by  means  of  a  silk  ribbon,  tiie  paper  or  lead  manifested 

*  Beoc«rU'«  aitificial  eledridtj. 
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an  electricity  contrary  to  that  of  the  glasses ;  that  if  the 
glasses  were  likewise  kept  separated  from  each  other,  they 
also  manifest  contrary  electricities. 

I  do  not  propose  to  repeat  all  the  numerous  experi- 
ments wliich  I  related  in  my  book  intitled,  Observationes 
atque  experimenia  quUnts  electricitas  vindex  latS  constituitor 
et  explicatvr.  I  am  actually  employed  in  promoting  my 
enquiries  on  this  subject,  and  if  I  meet  with  some  success, 
I  propose  to  publish  what  discoveries  I  shall  be  able  to  make, 
li^an  while  I  shall  only  repeat  in  this  place,  the  experiment 
which  is  made  with  the  two  plates,  A  B,  a  6,  M  r4,  m  n, 
(PL  IX.  fig.  1.)  jointly  charged,  and  I  shall  express  the 
successive  efiTects  of  the  vindicating  electricity  in  this  experi- 
ment with  the  figure  2. 

And  first,  in  order  to  perceive  the  unity  which  really 
takes  place  in  all  the  phenomena  of  the  vindicating  electricity, 
however  contrary  to  each  other  some  of  them  ma^  appear,  it 
must  be  observed,  I.  That  the  law  of  the  vindicating  elec- 
tricity of  compact  insulatinff  strata,  for  instance,  plates  of 
'  crystal,  is  the  same  with  the  law  of  the  vindicating  electricity 
of  rare  insulating  bodies,  for  instance,  silk  ribbons.*  II.  That 
the  whole  specinc  difference  between  them  lies  in  the  former 
being  capable  of  a  charge,  which  the  latter  are  not.  II L 
Thence  it  results  that  the  alterations  of  electricities,  which 
are  readily  affected  with  bodies  of  a  rare  texture,  by  disjoining 
and  rejoining  them,  and  not  so  with  compact  insulatmg  strata ; 
such  alterations  are  confined  to  those  surfaces  of  me  latter 
which  are  kept  joined  together  by  the  contrary  electricities 
of  the  other  two  surfaces,  which  constantly  endeavour  to 
preserve  their  contrariety  to  each  other,  and  their  equality 
with  the  electricity  of  the  surfaces  which  are  tinited  together. 
For  instance,  I.  Two  ribbons  contrarily  electrified,  when 
they  unite  together,  reciprocally  destroy  their  electricities, 
and  thus  remain  itdherent.  After  we  same  manner,  if  two  plates 
A  B  a  6,  M  N  m  n,  are  joined  by  their  respective  sunaces, 
aft,  M  N,  contrarily  electrified  (1  suppose  tne  surface  A  B 
to  be  positivelv  electrified,  and  tne  opposite  a  6,  negatively ; 
therefore  M  N  is  positively  electrined,  m  n,  negatively) 
these  two  contrary  electricities  will  endeavour  to  destroy  each 
other ;  the  redundant  fire  in  M  N  will  endeavour  to  diffuse 
itself  into  a  5,  and  fill  up  its  deficiency ;  but  this  reciprocal 
suppression  of  electricities  cannot  be  effected  otherwise  than 
by  a  joint  annihilation  of  the  excess  in  A  B,  and  of  the 
deficiency  in  mn  ;  therefore,  in  consequence  of  the  impene- 
trablility  of  the  plates,  some  external  communication  becomes 

*Beeotiit^ircsiielMpteroi]|rare  inralating  bodies,  intbetaiDewor]u*-BDnoK. 
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necessanr;  and  diis  will  no  sooner  be  procured,  than  i^e 
excess  of  M  N  will  diffuse  itself  into  a  6,  when  the  electricity 
of  die  two  surfaces  a  5,  M  N,  will  be  annihilated  after  the 
same  manner  as  the  electricities  of  the  two  ribbons  were 
before. 

Again,  the  two  ribbons,  when  they  are  sq)aratuiff,  freely 
recover  their  electricity,  which  they  had  readily  lost  when  they 
joined ;  and  in  the  same  manner,  the  two  plates  M  N  m  h, 
A  B  a  &,  in  the  instant  they  are  separating,  endeavor  to 
recover  on  their  surfaces  a  6,  M  N,  the  electricity  they  have 
lost  in  consequence  of  dieir  union  together,  and  of  the  com- 
munication of  their  external  surfaces.  Yet  it  is  to  be 
observed  that  the  surface  M  N,  in  its  endeavor  to  recover 
its  excess,  is  restrained  by  the  difficultjr  which  die  insulated 
opposed  surface  m  fi,  experiences  in  dismissing  an  adequate 
part  of  its  own  fire ;  and  tne  surface  a  b  likewise,  in  its  endea- 
vour to  recover  its  deficiency,  is  restrained  by  the  difficulty 
which  the  opposite  surface  A  B  experiences  in  recovering  an 
adequate  excess ;  whence  it  happens  that  the  two  disjomed 
plates, — L  Manifest  electi*icities  reciprocally  contrary ;  II. 
Similar  electricities  take  place  over  the  two  opposite  sur&ces 
of  the  same  plate ;  III.  And  this  electricity  is  of  the  same 
kind  as  that  recovered  by  ilie  dii^ joined  surface. 

Hie  reason  is,  that  in  dixjoinuig  the  two  surfaces,  a  6  M  N, 
I.  The  the  sui-fju-e  M  N,  by  endearouriug  to  recover  its 
former  excess,  endeavors  at  the  same  time  to  drive  away  a 
quantity  of  natural  fire  from  the  opposed  surface  m  n.  Now, 
as  the  latter  remains  insulated,  it  cannot  transfuse  any  fire 
into  the  ground,  neither  can  it  accumulate  any  within  its  coat- 
ing e  d  ;it  therefore  must  accumulate  it  on  the  open  surface 
of  this  coating,  against  the  contiguous  air :  so  that  there  will 
result  an  excessive  tension  in  the  natural  fire  of  the  ambient 
air,  and  a  redundant  atmosphere  around  m  n.  II.  Likewise, 
in  the  act  of  the  same  separation,  the  surface  a  ft,  in  endea- 
vouring to  resume  its  former  defficiency,  draws,  accordinff  to 
the  Franklinian  theory,  certain  quantity  of  redundant  fire, 
to  the  opposite  surface  A  B :  now,  as  this  surface  remains 
insulated,  it  cannot  derive  thb  fire  from  the  ground,  neither 
can  it  draw  it  from  the  internal  substance  of  its  own  coating ; 
it  must  tfien  draw  it  from  the  outer  surface  of  this  coating, 
that  is,  from  the  surface  of  the  contiguous  air  (if  before  se- 
parating die  plates,  the  coatingB  are  taken  off,  the  experiment 
will  equally  succeed).  Therefore,  a  particular  relaxation 
will  arise  in  the  natural  fire  of  the  air  around  the  plate  A  B ; 
there  wQl  result  a  deficient  atmosphere. 

This  explanation  how  the  atmospheres  arise,  which  take 
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place  over  the  surfoees  opposite  to  those  which  are  disjoining^ 
ukewise  suffices  to  explain  the  singular  circumstance  of  similar 
electricities  arising  over  opposite  surfaces  of  the  same  plates. 
If  while  the  two  plates  ABa6,  MNmnare  separating,  two 
sharp  points  are  kept  presented  to  their  external  surfaces,  the 
brush  appears  on  the  point  directed  to  A  B,  and  the  star  on 
the  other  which  is  directed  to  mn:  the  same  force  which, 
when  the  points  are  presenting,  draws  a  brush  to  A  B,  and 
drives  the  fire  that  forms  another  brush  from  m  n,  this  same 
cause  I  say,  when  tkese  two  surfaces  remain  insulated,  draws 
to  A  B  the  natural  fire  of  the  contiguous  air,  creating  a 
deficient  atmosphere  over  it,  and  throws  excessive  fire  from 
n  m,  into  the  air  contiguous  to  it,  raismg  in  it  a  redundant 
atmosphere. 

That  afterwards,  over  the  external  surfaces  correspondent 
to  a  6,  M  N,  when  they  are  separating,  atmospheres  arise  that 
are  homologous  to  the  electricity  which  these  surfaces  recover, 
is  what  appears  natural,  when  we  consider,  that  the  latter 
surfaces  resume^  by  virtue  of  their  separation^  greater 
electricities  than  those  which  can  possibly  be  raised  on  the 
opposite  surfaces^  which  are  insulated.  This  principle  being 
admitted,  it  follows  that  if  the  surface  M  N,  cannot  drive 
from  the  opposite  surface  m  n,  a  quantity  of  fire  sufficient  to 
produce  in  it  a  deficiency  equal  to  the  excess  recovered  by  the 
same  M  N,  it  follows,  I  say,  that  a  portion  of  this  excess 
must  flow  outward,  against  the  contiguous  air,  and  there  pro- 
duce a  a  redundant  atmosphere.  Likewise,  if  the  surface 
A  B  cannot  draw  to  itself  a  quantity  of  fire  sufficient  to  produce 
in  it  an  excess  equal  to  the  deficiency  recovered  by  a  A,  it 
foUows  that  itns  A  B  must,  from  the  air  contiguous  to  it,  draw 
a  certain  quantity  of  fire,  and  thus  produce  a  deficient  atmos- 
phere over  itself*  That  is  to  sa^,  the  excess  redundant  in, 
and  flowing  of,  N  M,  against  the  air  contiguous  to  it,  ipso  facto 
lessens  the  excess  in  this  M  N,  and  thus  brings  it  to  a  state 
of  less  inequality  with  respect  to  the  deficiency  actuated  in 
m  n ;  and  Uie  fire  which  from  the  contiguous  air  flows  into 
A  B,  ipso  facto  lessens  the  deficiency  in  it,  and  thus  brings 
it  to  a  state  of  less  unequality  with  regard  to  the  excess  in  a  6. 

These  explanations  of  the  vindicating  electricities  of  two 
plates,  may  oe  demonstrated  by  the  experiment  in  which, 
after  jointly  charging  and  discharging  them,  I  continue  for  an 
hour  and  more  to  obtain  sparks  by  touching  them  when  separ- 
ated, and  again  touching  them  when  rejoined;  and  reciprocally, 
the  above  explanations  throw  a  complete  light  on  that  same 
experiment,  which  I  never  could  repeat  without  exciting  the 
wonder  ot  those    who  were   unacquainted  with    electrical 
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and  attracting  tlie  attention  of  tiie  PhflosofAers 
vho  came  to  see  my  experiments.  I  join  the  two  plates 
ABaA,M  N  m  n  together,  by  their  naked  surfiaces  in 
contact  with  each  other ;  and  then  introduce  into  Uie  coating 
C  D,  for  instance,  the  electricity  of  the  chain ;  the  charge  ^ 
completed,  I  discharge  them ;  this  done,  I  separate  them,  and 
touch  the  coatings;  Ijoin  them  again,  and  then  again  touch 
them ;  and  thus  doing,  I  continue  to  excite  a  very  long  series 
of  sparks :  here  follows  the  manner  after  which  I  operate. 

I  begin  with  exciting  sparks  from  the  coatmg  done  of  the 
upper  {date ;  that  b  to  say — I.  I  continually  touch  with  one 
of  my  fingers  the  under  coating  c  d.  II.  When  I  separate 
tiie  plate  A  B,  I  take  care  not  to  touch  its  coating  C  D. 
III.  Having  separated  this  plate,  I  immediately  touch  it,  and 
give  a  spark  to  it ;  that  is  to  say,  I  give  to  A  B  an  excess 
adequate  to  the  deficiency  contracted  by  a  6,  at  the  instant  of 
die  separation.  IV.  I  cease  touching  A  B ;  I  rejoin  the  two 
plates,  and, touch  again  C  D,  and  draw  sparks  from  it;  by 
means  of  which  I  draw  off  the  excess  I  communicated  to 
A  B  after  the  last  separation,  and  which  it  does  no  longer 
require,  when  in  a  state  of  conjunction.  V.  Proceeding  thus, 
with  the  usual  caution,  not  to  touch  the  coatings  in  the  act  of 
separating,  or  of  rejoining  the  plates,  I  continue  to  give  sparks 
after  every  separation,  and  take  them  back  after  rejoining  the 
plates. 

In  general  the  spark  which  I  draw  after  rejoining  the  plates, 
is  more  divided  than  that  which  I  gave  after  separating  them. 
In  verv  favourable  weather,  after  separating  the  plates,  I 
often  draw  two  or  more  successive  sparks ;  but  after  re- 
joining them,  the  fire  that  leaps  from  my  finger  is  completely 
united  into  one  spark,  and  much  more  vivid. 

In  order  to  understand  the  reason  of  this  difference,  we 
must  conader — ^1.  That  the  fire  which  flies  from  a  5,  in  con- 
sequence of  the  deficiency  which  now  takes  place  in  it,  goes 
to  M  N  in  order  to  form  the  excess  which  this  M  N  wants ; 
therefore  as  an  excess  arises  in  A  B,  in  consequence  of  my 
toudiing  it  at  times,  so  a  deficiency  arises  in  m  n,  in  conse- 
quence of  its  constant  communication  with  my  hand.  II 
vVlien  I  rejoin  the  two  plates,  the  excess  I  have  introduced 
into  A  B  cannot  be  annihilated  but  so  far  as  the  excess  in 
MN  runs  to  fill  the  deficiency  in  a  6;  and  the  excess  in  MN 
does  not  depart,  but  when  I  give  fire  to  m  it,  in  order  to  fill 
its  defidency.  III.  In  fact,  if,  while  I  rejoin  the  plates,  I 
keep  my  fingers  at  a  distance  from  m  it  (or  its  coating  c  d) 
then  I  cannot  draw  from  A  B  the  excess  I  introduced  into  it ; 
because  as  I  do  not  then  fill  the  deficiency  in  m  n,  the  excess 
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cannot  be  annihilated  in  M  N»  nor  the  deficiency  in  a  &  sup- 
plied. IV.  However,  when  I  touch  mn  (or  c  d)  while  I 
I  rejoin  the  plates,  the  excess  of  A  B  is  not  for  all  thlat  thrown 
out  at  once,  because  the  surfaces  a  &  M  N,  do  not  instantar 
neoudy  touch  each  other  in  all  their  parts ;  hence  a  slowness 
and  successiveness  take  place  in  all  the  respective  annihilations 
of  the  excess  in  M  N,  of  the  deficiency  in  a  A,  and  of  the 
excess  in  A  B.  V.  But  when  after  separating  the  plates  I 
present  my  finger  to  C  D,  or  (A  B)  the  excess  is  at  once 
thrown  to  it  from  my  finger,  owing  to  the  violence  which  the 
whole  A  B  then  wants  an  excess  adequate  to  the  deficiency 
then  completely  formed  va  ab. 

Conformably  to  what  has  been  said  above,  we  must  take 
care  that  every  time  that  the  plates  are  joined,  they  be 
pressed  together  for  some  few  seconds  of  time,  in  order  that 
the  small  charges  which  have  been  formed  by  the  separation, 
may  have  time  both  to  dissipate  entirely,  and  to  arise  again 
with  more  strength,  when  the  separation  wiU  be  again  effected. 

1.  If  after  touching  the  plates  when  rejoined,  diey  are 
again  disjoined  without  drawing  a  spark,  and  then  rejoined  no 
spark  will  be  thrown  from  A  S,  because  it  has  in  such  case, 
received  no  fire.  11.  If  after  touching  the  plates  when  sepa- 
rated, they  are  rejoined,  then  disjoined  again,  without  pre- 
viously drawing  a  spai*k,  A  B  then  receives  no  spark,  because 
it  has  given  none  at  the  time  of  its  last  joining  with  the  other 
plate ;  so  true  it  is  that  insulating  bodies  contrarUy  electric 
fied^  are  disposed^  when  they  join  together  mutually  to  awmr 
hilate  their  reciprocal  electricities^  as  well  as  to  recover  them 
again,  when  they  are  separated. 

I  have  hitherto,  in  the  experiment  of  the  two  plates,  only 
examined  that  kind  of  electricity  which  is  common  both  to 
compact  insulating  bodies,  and  to  those  of  a  rarer  texture :  I 
mean  that  kind  of  electricity,  by  virtue  of  which  they  recover, 
when  separated,  the  electricity  which  they  had  lost  by  their 
being  joined  together,  and  which  I  call  positive  vinaicaiing 
electricity^  Mow,  I  shall  in  the  same  experiment,  examine 
that  kind  of  vindicating  electricity  which  is  proper  to  compact 
insulating  bodies,  and  by  virtue  of  which,  when  they  art 
separating  from  one  another,  they  give  up  the  electricity 
with  which  they  had  been  impregnated ;  this  I  call  negatkoe 
vindicating  electricity. 

Having  therefore  jointiy  charged  the  two  plates  A  B  a  t^ 
M  N  m  n,  I  begin  the  operation  of  successively  disjoining  and 
rejoining  them :  in  order  to  effect  this  more  easily,  I  clip  one 
of  the  angles  of  one  of  the  plates;  and  then  1  observe,  I. 
That  the  plates,  when  they  are  disjoinii^,  manifest  signs  of  a 
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megative  vindicating  dettnatY.  IL  Tbey  afterwards  reach 
to  the  last  limits  of  this  electricity.  IIL  Then  succes^vely 
follow^  for  a  very  long  space  of  time,  to  give  signs  of  a  post* 
ttve  vindicating  electricity.  That  is  to  say,  I.  At  first,  the 
surfaces  a  6,  M  N,  when  they  are  separating,  lose  a  part  of 
the  electricity  with  which  they  are  impregnated.  II.  Then 
they  reach  a  certain  term  at  which  they  do  not,  notwithstand- 
ing they  are  again  separated,  lose  any  more  of  the  electricity 
which  remains  in  them,  nor  recover  any  portion  of  that  which 
they  gave  up  when  the  negative  vindicating  electricity  boKaa 
to  act,  or  even  afterwards  when  the  positive  vindicating  elec 
tricity  began  to  take  place*  ^ 

In  the  meanwhile,  the  similarity  of  the  atmospheres  that 
take  place  over  the  two  surfaces  of  the  same  plate,  both  when 
the  positive  vindicating  electricity,  and  the  negative  one  ob- 
tain, though  it  has  been  looked  upon  as  fatal  to  the  Frank- 
linian  theory,  really  proceeds  from  the  following  principle, 
which  is  the  foundation  of  this  theory,  which  is,  t/tat  the  con^ 
trary  electricities  of  plates^  which  by  virtue  of  the  separation 
of  the  latter^  are  become  unequal  on  each  opposite  surface^ 
severally  endeavour  to  return  to  a  staUof  equality  ;  that  is  to 
sayj  that  electricity  on  the  one  of  the  two  surfaces,  which 
the  separation  has  caused  to  have  groum  less,  endeavours  to 
lessen  the  electricity  on  the  other  surface ;  and  vice  versa, 
that  electrtcUy  which,  in  consequence  of  the  separation,  is 
become  superior  to  its  opposite  one,  tends  to  increase  the  latter. 

Therefore,  when  I  at  first  begin  to  separate  the  two  plates 
A  B  a  5,  M  N  m  Hi  the  excess  of  M  N  and  the  deficiency  of 
a  b  endeavour  mutually  to  lessen  each  other ;  but  the  other 
two  surfaces  A  b,  m  n,  being  insulated,  their  respective  excess 
and  deficiency  are  not  altered ;  that  is  to  say,  the  excessive  fire 
is,  as  it  were,  drawn  from  M  N  into  a  b ;  the  deficiency  ia  ab, 
thus  become  less  than  the  excess  in  A  B,  and  endeavours  to 
lessen  it ;  it  therefore  drives  a  portion  of  this  excess  in  A  B, 
against  the  air  contiguous  to  it*  imd  thus  creates  the  redundant 
atmosphere  over  A  B :  and  reciprocally,  the  excess  in  A  B 
being  now  greater  than  the  deficiency  in  a  b,  endeavours  to 
increase  it ;  it  drives  a  part  of  the  fire  remaining  in  this  a  b, 
into  the  air  contiguous  to  it,  and  raises  over  jt  a  redundant 
atmosphere.  Likewise,  the  excess  in  M  N  being  become  less 
than  the  deficiency  in  m  n,  endeavours  to  lessen  it,  it  draws 
fire  into  m  n  from  the  air  contiguous  to  it,  and  thus  renders  its 
atmosphere  still  more  deficient;  and  reciprocally,  the  defi- 
ciency in  m  N,  being  greater  than  the  excess  in  M  N,  endea- 
vours to  draw  fire  into  the  latter,  from  the  air  contiguous  to  it, 
and  thus  raises  a  deficient  atmosphere  over  it. 
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On  the  other  hand^  when  after  the  rise  of  the  positive 
indicating  electricity,  I  again  separate  the  plates,  both  the 
excess  in  M  N,  and  the  deficiency  in  a  b,  continue  to  be 
reproduced,  though  the  contrary  correspondent  electricities 
cannot  arise  on  the  surfaces  A  B,  mii,  which  remain  insulted; 
therefore  the  greater  deficiency  in  a  6,  endeavours  to  increase 
the  lesser  excess  in  A  B,  by  ^awin^  the  natural  fire  from  the 
contiguous  air  into  it,  and  thus  raises  over  A  B  a  deficient 
atmosphere ;  and  reciprocaUy,  the  less  excess  in  A  B  endea- 
vours to  lessen  the  dehciency  in  a  6 ;  to  that  end  it  draws  fire 
into  it  from  the  air  contignous  to  it,  and  thus  raises  over  it  a 
deficient  atmosphere.  Likewise,  the  greater  excess  in  M  N 
endeavours  to  mcrease  the  deficiency  in  m  it,  driving  its  fire 
from  it  into  the  air  contiguous  to  it,  whence  results  a  redun- 
dant atmosphere  over  m  n;  and  reciprocidly,  the  less  de- 
ficiency in  m  n  endeavours  to  lessen  toe  excess  in  M  N ;  to 
that  end  it  drives  a  part  of  the  latter's  redundant  fire  into  the 
air  contiguous  to  it,  and  thus  raises  a  redundant  atmosphere 
over  it. 

Conformably  to  tliese  principles.  I.  When  I  separate  the 
plates  A  B  a  6,  M  N  HI  n,  for  the  first  time  after  their  being 
charged,  they  resbt  so  much  the  separation,  that  tiiere  is  great 
danger  in  breaking  them.  II.  From  the  coating  C  D  a 
strong  spark  leaps  to  the  nearest  finger  of  that  of  my  hands 
which  holds  the  plate  A  B  a  6,  and  the  edge  o^  its  coatinff 
C  D  appears  all  round  sparkling  with  very  vivid  brushes:  all 
this  demonstrates  to  me  that  a  dinunution  of  the  excess  of 
A  B  takes  place,  at  the  instant  when  the  dificiency  of  a  i  is 
forcibly  lessened.  III.  Likewbe,  in  the  act  of  the  same 
separation,  a  strong  spark  flies  from  the  finger  with  which  I 
hold  the  plate  M  ISm  n,  to  it  coating  c  dy  and  its  edge  appears 
aU  round  shining  with  vivid  sparks ;  this  manifests  to  me  that 
a  diminution  of  the  deficiency  of  m  n,  is  effected  at  the  same 
time  that  the  excess  of  M  N  is  forcibly  lessened.  IV.  Mean- 
while, the  flashes  of  light  which  i^ypear  between  the  surfaces 
a  &,  M  N,  while  they  are  separating,  are  produced  by  the  fire 
which,  by  virtue  both  of  the  excess  in  A  B  which  remains 
superior  to  the  deficiency  in  a  6,  and  of  the  deficiency  in  m  f^ 
which  remains  superior  to  the  excess  in  M  N,  endeavours  to 
leap  from  the  above  a  b  into  M  N.  V.  In  this  state  of  things, 
the  upper  plate  A  B  a  6  repels  the  white  ribbon  from  both 
its  surfaces  ;•  over  which,  as  has  been  explained  in  the  preced- 
ing paragraph,  similar  redundant  electricities  take  place. 
VI.  On  the  contrary,  the  under  plate,  M  N  m  n,  repds  a 
black  ribbon  from  both  its  surfaces,  by  virtue  of  the  deficient 
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atmosphere,  which  as  hath  been  also  explained,  takes  place 
over  both  its  sorfaees. 

The  plates  being  joined  again,  flie  intensity  of  these  attrac- 
tions and  repulsions  lessen ;  because  the  excess  of  M  N,  and 
the  deficiency  of  a  ft  are  now  respectively  kept  back  by  the 
external  deficiency  of  m  n,  and  the  external  redundancy  of 
A  B.  The  adhesion  of  the  plates  takes  place  again,  but  in  a 
less  degree  than  formerly,  proportionably  to  the  diminution 
which  we  original  charge  has  suffered  from  the  first  separa- 
tion ;  and  by  proceeding  to  a  second  separation,  the  same 
phenomena  continue  to  take  place  by  virtue  of  the  same  causes 
as  formerly,  though  their  intensity  is  proportionably  lessened. 
Continuing  thus  to  join  and  separate  the  plates,  we  pretty 
soon  attain  a  term  at  which,  I.  The  plates  cease  to  manifest 
any  sen^ble  adhesion.  !!•  In  separating  them- no  light  q)- 
pears*  III.  After  the  separation,  they  do  not  sensibly  draw 
or  attract  rubbed  ribbons,  l^is  term  is  the  point  of  tne  con- 
trary mflexion,  the  limit  between  the  negative  vindicating 
electricity  which  takes  place  at  first,  and  the  possitive  one 
which  succeeds  to  it.  This  term  is  sooner  attained,  according 
as  the  insulation  of  the  plates  is  less  complete :  in  this  case 
one  plate  sometimes  reaches  to  this  term  a  little  before  the 
other,  which  still  continues  to  draw  and  repel  ribbons  with  a 
sensible  degree  of  force.  Lastly,  this  term  is  attained,  before 
the  effect  of  the  separations  has  entirely  annihilated  the  charge 
introduced  at  first  into  the  plates.  In  fact,  if  they  are  rejoined 
immediately  after  the  term  b  passed,  they  still  give  pretty 
strong  shocks. 

If,  after  the  term  is  passed,  the  plates  are  successively 
joined  and  separated,  but  without  touching  them ;  they  begin, 
by  virtue  of  these  successive  separations,  to  recover  their 
former  electricities :  that  is,  the  surface  a  6  of  the  plate  A  B 
a  ft,  begins  to  recover  a  part  of  what  deficiency  it  had  at  first, 
and  the  surface  M  N,  begins  to  recover  also  a  part  of  what  ex- 
cess it  may  have  lost.  Whence  it  happens  that,  after  the 
separation,  the  deficiency  of  a  ft,  being  become  greater,  en- 
deavours to  increase  the  excess  of  A  B,  by  drawing  into  it 
the  natural  fire  of  the  air  contiguous  to  it ;  and  reciprocally, 
the  excess  of  A  B,  being  less  tnan  the  deficiency  a  ft  endea* 
vours  to  lessen  it,  by  drawing  into  the  same  a  ft,  the  natural 
tre  of  the  air  contiguous  to  it ;  so  that  a  ft  and  A  B  then  be- 
gin to  repel  the  black  ribbon.  Likewise  the  excess  of  M  N, 
being  become  greater  than  the  deficiency  in  m  n,  endeavours 
to  increase  it,  by  driving  the  fire  of  m  n  into  (he  air  contigu- 
ous to  it;  and  reciprocally,  the  deficiency  of  m  it,  being  less^ 
than  the  excess  of  M  N,  endeavours  to  diminish  it,  by  driving 
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the  fire  of  M  N  into  the  contiguous  air,  whence  M  N  andmii 
begin  to  repel  the  white  ribbon.  And  thus  the  negative  vtii*- 
dicating  electricity  becomes  changed  into  a  positive  vindicate 
ing  electricity. 

B^  continuing  thus  to  rejoin  and  disjoin  the  plates,  those 
portions  of  electricity  that  had  been  lost  are  pretty  quickly 
recovered  on  all  sides,  by  virtue  of  these  successive  separit- 
tions ;  the  adhesion  of  the  plates,  and  the  repulsion  of  the 
ribbons  also  increase  in  proportion ;  so  that  it  appears  that  all 
these  phenomena  of  the  positive  vindicating  electricity^  con- 
tinue till  that  degree  is  attained,  at  which  the  charges  thil  had 
been  introduced  are  annihilated. 

Beyond  this  term,  if  the  plates  are  continued  to  be  re- 
joined and  disjoined,  for  an  whole  hour  or  more,  without 
being  touched)  they  continue  to  shew  some  adhesion  to  each 
other;  they  continue  when  separated,  to  repel  ribbons  con- 
formably to  the  kind  of  electricity  which  they  have  resumed  on 
their  internal  surfaces,  &c. 

I  have  represented  in  the  fig.  2.  of  the  Pi.  IX.  the  series  of 
the  above  alterations  of  the  vindicating  electricity.  Now  I 
shall  make  use  of  this  figure,  in  order  to  explain  the 
vindicating  electricity  of  the  plate  M  N  m  n,  (PL  IX. 
fig.  1.^  The  same  explanation  will  serve  for  the  electricity  of 
its  feUow-plate ;  only,  the  ordinates  must  be  taken  on  the 
other  side  of  the  absciss.  Let  the  two  equal  right  lines  O  F^ 
o  F  represent  the  excess  introduced  into  M  N  by  the  charge, 
and  the  deficiency  introduced  into  m  n.  On  the  first  separa- 
tion of  the  plates,  M  N  will,  for  instance,  lose  the  portion  u  F 
of  its  excess  :  therefore,  it  will  in  consequence  of  this  separa- 
tion appear  negatively  electrified  over  both  its  surfaces ;  the 
plates  bein^  ioined  again,  it  will  recover  part  of  its  former  ex- 
cess, and  will  thus  be  brought  to  have  then  the  whole  of  its 
excess  equal  to  P  G.  In  consequence  of  a  new  separation, 
a  portion  a;  G  of  the  same  excess  will  again  be  lost ;  and  thus 
it  will  at  last  happen,  that  M  N  will  have  that  precise  degree 
of  excess  at  which  a  further  separation  can  no  longer  lessen 
it ;  so  that  H  is  the  point  at  which  the  vindicating  electricity 
begins  to  be  altered,  that  is,  from  negative  becomes  positive. 
At  a  following  separation,  by  virtue  of  which  the  remaining  ex- 
cess is  already  reduced  to  the  less  value  R  I,  the  plate,  instead 
of  continuing  to  lose  any  more  of  its  excess,  on  the  contrary 
begins  to  recover  the  portion  of  it  I  y.  Hence,  as  the  remain- 
ing excess  from  the  charge,  in  M  IS,  is  gradually  reduced  to 
to  the  less  values  K  S  in  K,  L  A  in  L,  and  o  in  M,  the 
surface  M  N  gradually-  recovers  greater  portions  of  its 
former  excess,  K  ^,  L  c,  M  ^\     From  that  point  afterwards 
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the  snrfoce  M  N,  by  virtue  of  other  successire  scparatiotts, 
will  for  a  very  long  while  continue  to  recover  portions  of  its 
former  excess,  which  (the  operation  being  contmued  without 
touching  the  plates)  will  gradually  vanish  at  every  successive 
conjunction  of  the  same. 

And  thus  the  portions  of  a  curve  O  Q  M,  o  q  M,  will, 
with  their  respective  ordinate,  express  the  excesses  and  de- 
ficiencies, bom  primitive  and  remaining,  of  M  N  and  mni  the 
portions  of  a  curve  k  H  §•  r,  V  H  &  V,  will,  with  their  ordi- 
nates,  express  as  far  as  H,  the  negative  vindicating  electrici- 
ties,  and  beyond  H,  the  positive  vindicating  electricities,  of 
the  surfaces  M  N,  m  n.  The  same  portions  of  the  curve 
which  serve  to  exprc^BS  the  degrees  of  positive  and  negative 
vindicating  electncities  that  take  place  at  every  successive 
separation  of  the  plates,  will  also  serve  to  represent  the  pro- 
gression of  the  mutual  adhesion  of  the  plates,  k  F,  U  F  will 
express  the  greatest  degree  of  the  adhesion  of  the  plates, 
when  they  still  retain  their  whole  charge ;  which  value  will 
gradually  lessen  conformably  to  the  successive  lessening  ordi- 
nates,  a;  G,  X  G ;  at  the  instant  when  the  negative  electri- 
cit^  will  take  place,  this  value  will  be  o  in  H,  that  is,  at  tbe 
point  of  the  contrarv  inflexion ;  and  thence  it  will  continue 
quickly  increasing,  tfien  very  slowlv  decreasing,  conformably 
to  the  successive  ordinates,  I  y,  I  Y,  K  «,  it  S,  L  2r,  L  Z, 
MS;,M§-,&c. 

With  respect  to  the  experiments  that  are  made  on  the  vti»- 
dicating  electricity  of  a  sinrie  plate  A.  Bab  (PL  IX. fig. 3.) 
by  disjoining  its  coating  C  I),  tney  differ  much  in  point  of  in^ 
tensity  and  duration,  from  the  experiments  that  are  made  with 
ihe  two  plates  jointi^  charged.  Of  tiiis  difierence  tiie  cause 
pardy  at  least  is  manifest :  m  the  separation  of  the  two  plates 
jointiy  charged,  the  vindicating  electricities  of  the  two  sur- 
surfaces  which  are  disjoining,  co-operate  together ;  and  this 
circumstance  must  increase  the  effects,  and  better  preserve 
the  efficient  causes ;  that  is,  the  dispositions  introduced  by 
the  charse  of  the  plates,  by  virtue  of  which  the^  endeavour  to 
dismiss  uieir  respective  electricities  to  a  certam  degree,  and 
beyond  this  degree,  to  recover  the  same. 

With  regard  to  the  manner  after  which  the  same  vindicat- 
ing electricities  exert  themselves,  I  observe,  I.  That  positive 
vindicating  electricities  exert  themselves  after  the  same  man- 
ner, when  onlv  one  plate  is  used,  and  separated  from  its  coat- 
ing, as  when  both  are  used,  and  successiveljr  separated  from 
each  other.  II.  Negative  vindicating  electricities  also  exert 
themselves  after  the  same  manner,  if  the  charge  introduced 
into  the  single  plate  is  very  weak,  consisting  for  instance,  of 
only  two  or  thj*ee  sparks  from  the  first  conductor ;  because  the 


Digitized  by  VjOOQ IC 


390  On  eUctricily^ 

charge  which  is  usually  iutrpduced  into  the  joined  plates,  is 
likewise  small,  on  account  of  the  thickness  of  the  whole* 
III.  But  if  the  charge  introduced  in  the  dngle plate  be  much 
intense,  then  the  phenomena  which  result  from  disjoining  the 
coating  of  it,  whue  the  plate  retains  its  whole  cbarfe,  are 
proportionably  different  from  the  phenomena  which  resmt  from 
separating  the  two  plates,  when  they  only  possess  their  jaitU 
charge. 

That  is  to  say,  each  of  the  plates  that  retain  their  charge, 
manifests  in  consequence  of  a  separation,  the  same  electricity 
on  both  its  surfaces,  with  that  of  the  surface  which  is  dis- 
joined ;  but  the  plate  which  has  been  charged  alone,  and  pos- 
sesses a  considerable  degree  of  charge,  manifests  that  kind 
of  electricity  on  the  surface  which  is  disioined  from  its  coatings, 
which  is  proper  to  that  surface ;  and  the  contrary  kind  of 
electricity  on  the  other  surface.  Thus,  if  the  single  plate 
A  B  a  &  be  strongly  charged,  positively  in  A  B,  and  negatiyely 
in  a  &,  it  will,  after  the  coating  C  D  is  taken  off,  repel  a  while 
ribbon  from  A  B,  and  a  black  ribbon  from  a  b. 

Hie  reason  of  this  is,  that  diarges  universally  endeavour, 
with  a  force  proportioned  to  their  intensity,  to  grow  gradually 
less;  and  this  force  counteracts  the  force  with  which  they  en- 
deavour to  keep  their  state  of  mutual  equality,  the  force  by 
which  the  single  charged  plate  endeavours,  when  separated 
from  its  coating,  to  actuate  similar  atmospheres  in  the  air  con- 
tiguous to  its  two  surfaces.  When  I  take  off  the  coating  C  D 
fr^m  A  B  a  6,  which  I  suppose  to  be  strongly  charged,  I 
lessen  the  electricity  of  A  B ;  therefore,  by  virtue  of  the  force 
with  which  the  two  contrary  electricities  constantly  endeavour 
to  keep  their  state  of  equality,  the  deficiency  in  a  6  must 
lessen,  and  the  excess  in  A  B  of  course  somewhat  increase: 
as  the  electricity  on  both  surfaces  strongly  endeavours  at  the 
same  time  to  grow  less  in  consequence  of  its  very  intensi^, 
the  deficiencv  in  a  &  very  strongly  lessens  by  the  united 
effidency  of  the  two  above  causes,  and  the  excess  of  A  B,  even 
after  the  separation  of  its  coating,  will  continue  to  decrease  & 
Utile,  in  consequence  of  the  lessening  force,  which  arises  from 
Ae  intensity  of  its  charge,  and  surpasses  that  which  tends  to 
an  equality;  thence,  a  certain  Quantity  of  fire  flows  from  A  B 
into  the  contiguous  air;  but  a  6  at  the  same  time  draws  fire 
from  the  air  contiguous  to  it  with  very  great  force,  and  after 
this  manner  the  above  effects  take  place. 

I  have  repeated  the  above  observations  from  my  above  men- 
tioned book  on  the  vindicating  electricity^  and  added  some 
new  ones,  in  order  to  throw  some  more  %ht  on  the  subject ; 
with  regwl  to  the  nature  of  the  adhesion  which  accompanies 
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vindicating  electricities,  I  diall  oxAj  subjoin  two  trials  I  hai^e 
made  about  it.  The  first  b  as  follows;  if  two  plates,  eitber 
charged,  or  lately  discharged,  and  which  therefore  strongly 
adhere  to  each  other,  are  immersed  into  an  extensive  snbtle 
flame,  or,  when  taken  from  this  flame,  are  suspended  wiUiin  a 
larffe  glass  bell,  emptied  of  air  they  soon  part  from 
eadi  other.  The  other  expmment  is  that  of  disjoining 
bodies  naturally  jomed,  for  instance,  strata  or  sheets  of  talc, 
or  of  spato :  no  dectricity  at  all  arises  frt>m  these  bare  sepa- 
rations. With  respect  to  die  cause  of  the  vindicating  electri- 
city, and  of  the  adherton  that  accompanies  it,  it  certainly 
would,  if  discoTered,  throw  a  consideraUe  liffht  on  the  pro- 
perties of  insulating  bodies,  on  die  manner  of  their  charges 
on  the  nature  of  electric  atmospheres,  and  consequently  on  aU 
the  most  striking  phenomena  of  electricity,  such  as  tlie  bnuk 
the  #tor,  and  the  electrical  motions.  A  consideration  thk 
which  is  very  apt  both  to  excite  us  to  investigate  such  cause, 
and  restrain  us  nrom  barely  imagining  it* 

L  V. — Synoptic  View  of  the  precise  amount  of  pure  Carionf 
fielded  bg  the  rigid  analgsis  fnnn  the  Charcoals  of  thirty 
principalknown  Woods;  by  W.  F.  Wkbkbs,  Esq.,  Surgeon. 
Lecturer  on  Pldo8q>hieal  and  Operative  Chemistry,  &c, 
&C.,  Sandwich.* 

Some  twelve  years  since  I  was  induced  from  circumstances 
arising  out  of  engagements  in  the  laboratory,  to  undertake  a 
somewhat  extensive  series  of  experimental  researches  relative 
to  gaseous,  liquid  and  other  products  of  numerous  specimens 
of  u^eous  fibre,  exotic  as  well  as  indigenous ;  subsequent  to 
which  course  of  enquiry,  the  charcoals  of  the  respective 
woods  were  made  the  subject  of  extremly  cautious  analysis. 
From  my  minutes  of  the  results  then  obtamed,  I  select  thirty 
of  the  principal  specimens,  and  have  brought  them  into  a 
tabular  view,  under  the  impression  that  it  is  a  point  of  some 
importance  to  the  chemist  and  man  of  general  science,  as  well 
as  to  certain  manufacturers  and  others,  to  possess  a  source 
of  reference  upon  which  may  be  placed  unqualified  reliance,  as 
respects  the  per  centage  otpure  carbon^  generally  present  in 
the  charcoals  from  various  specimens  of  wood ;  Uiough  I  am 
aware  that  some  few  results  of  this  description  have  already 
been  given  to  the  scientific  worid,  by  analytical  chemists  of 
no  small  celebritv.  I  shall  onlv  further  observe,  that  the 
whole  series  of  (marcoals  was  oDtained  by  dose  distillation 
from  woods  cut  down  in  their  full  vigour,  and  afterwards 

•  Commnnictted  by  tho  Author. 
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ffTodually  dried  by  exposure  to  the  atmosphere.  The  follow- 
ing synopsis  is  arranged  in  the  order  of  their  purity  down- 
wards :-^ 


CHARCOALS. 


Ainountef 
Pare  Carbon 

in 
lOOgnunft. 


Mulberry    

ChestDQt 

Yew    

Birch  •...,.. 

Cherry    

Box 

Maple 

Sycamore    

Ash 

Cedar 

Lime  

HoUy 

Ligmimvitad   ... 

Willow    

Beech 

Pear    

American  Oak 

Hawthorn  

Laburnum  

Poplar     

Alder  

Evergreen  Oak 

Plum 

Mahogany  

Elm     

Apple 

English  Oak  ... 

Wahiut   

Ebony 

Lancewood 


99,50 

99,38 

99,05 

99. 

99. 

98.75 

98,75 

98,75 

98,75 

98,75 

98,75 

98,40 

98,40 

98,25 

98,13 

98,13 

97,50 

97,50 

97,50 

97,50 

97,25 

96,88 

96,87 

96,25 

96,25 

96.25 

95. 

93.75 

92,40 

86,25 


Hence  it  will  appear  that  between  the  two  extremes  of  the 
table,  mulberry  and  lancewood,  independent  of  variations  m 
the  intermediate  series,  there  exists  a  difference  in  purity 
amountinff  to  13,25  grains  per  cent.;  and  it  may  be  further 
worthy  of  remark  that,  notwithstanding  the  striking  want  of 
imiformity  in  the  external  character  of  many  woods,  precisely 
the  same  amount  of  pure  carbon  q)pears  to  be  essential  to 
ihtir  constitution. 


Digitized  by  CjOOQ IC 


On  Tomadou,    By  Dr.  Hare.  398 


LVI. — On  Tamadoes  and  (Ersted's  Memoirs  reepecting 
theti^.  By  Robert  Harb,  M.  D.  Professor  of  Cbmnisiryy 
in  the  Pensylvanian  University,  Philadelphia. 

TO  THE  EDITORS  OP  THE  NATIONAL  GAZETTE. 

Dear  Sirs, — I  believe  it  b  generally  admitted  by  electricians 
that  the  enormous  discharges  of  the  electric  fluid,  which,  during 
thunder  gusts,  take  place  in  the  form  of  lightning,  are  the 
consequence  of  the  opposite  electrical  states  of  an  immense 
stratum  of  the  atmosphere  coated  by  the  thunder  clouds,  and 
a  corresponding  portion  of  the  terrestrial  surface.  In  a,  memoir 
published  in  the  5th  volume  of  the  American  Philosophical 
Transactions,  republished  in  Silliman's  Journal,  volume  32, 
for  1837,  I  had  endeavoured  to  show  that  the  tornado  was 
the  consequence  of  the  same  causes  producing,  in  lieu  of 
lightning,  an  electrical  discharge  by  a  vertical  blast  of  air,  and 
the  upward  motion  of  electrified  bodies.  In  your  Gazette  of 
the  30th  ult.,  you  have  re-published  an  article  by  the  cele- 
brated  (Ersted  in  which  it  is  alleged  that  tornadoes  or  water- 
spouts cannot  be  caused  by  electricity,  because  there  is  no 
evidence  proving  that  persons  exposed  have  experienced  elec- 
trical shocks.  To  me  it  appears  evident  that  the  scientific 
author  confounds  the  different  processes  of  discharge  to  which 
I  have  alluded,  the  one  occurring  in  thunder  gusts,  the  other 
in  tornadoes ;  also  that  he  has  forgotten  that  a  shock  can  be 
given  neither  by  a  blast  of  electrified  air,  nor  by  a  continuous 
electrical  current,  a  transient  interruption  of  the  circuit  being 
indispensable  to  the  production  of  the  slightest  sensation  of 
that  nature.  If  a  person,  having  a  conducting  communication 
between  one  of  his  hands  and  a  charged  surface  of  a  well  in- 
sulated battery,  hold  in  the  other  hand  a  pointed  wire,  the 
battery  will  be  discharged  through  him  and  through  the  wire, 
producing  a  blast  of  electrified  air  from  the  point,  without  his 
experiencing  any  shock ;  neither  would  a  shock  be  given  to  any 
person  by  exposure  to  the  blast  thus  produced. 

This  form  of  electrical  discharge  to  which  I  ascribe  torna- 
does, in  which  electricity  is  conveyed  from  one  surface  to 
another  by  the  motion  of  air  or  other  moveable  bodies  inter- 
vening, is  by  Faraday  designated  as  ^^ convecHony*  from  the 
JLatin  '^  conveho,"  to  carry  along  with. 

In  the  comparatively  minute  experiments  of  electricians,  the 
process  of  convective  discharge,  is  exemplified  not  only  by  the 
electrified  aerial  blast,  but  lU^ewise  by  uie  play  of  pith  baUa» 
the  dance  of  puppets,  or  the  vibration  of  a  pendulum,  or  bell 
clapper*  The  passage  of  sparks  is  found  to  arrest  or  to  chedk 
^cn  movements,  and  in  like  manner  the  passage  of  lightning 
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has  been  observed  to  mitigate  the  vertical  force  of  a  tornado. 

While  a  meteor  of  this  kind,  which  passed  over  Providence 
last  year,  was  crossing  the  river,  tiie  water,  within  an  area  of 
about  three  hundred  feet  in  diameter,  was  found  to  rise  up  in 
a  foam,  as  if  boiling.  Meanwhile  two  successive  flashes  of 
lightning  occurring,  the  foam  was  observed  to  subside  after 
each  flash.  It  is  thus  proved  that  a  discharge  by  l^htning  is 
inconsistent  with  the  discharge  by  convection,  and  uiat  so  far 
as  one  ensues,  the  other  is  impeoed. 

In  an  account  of  a  tremendous  storm  of  the  kind  of  which 
I  have  been  treating,  published  in  Silliman's  Journal  for  July 
last,  it  is  mentioned,  that,  at  its  commencement,  it  was  only 
a  violent  thunder  gust.  This  is  quite  consistent  with  the 
experience  acquired  bv  means  of  our  miniature  experimeuts, 
in  which  a  discharge,  by  sparks,  may  be  succeedea  by  a  dis- 
charge by  convection,  or  vice  versa,  or  they  may  prevail  al* 
temately.  In  one  case  the  electric  fluid  passes  in  the  gigantic 
sparks  called  lijjhtning,  in  the  other  it  is  conveyed  by  a  blast 
of  electrified  air.  In  the  former  case  animals  are  subjected 
to  deleterious  shocks,  while  in  the  latter  no  other  injury  is 
sustained  tiian  such  as  results  from  collision  with  Ae  air,  or 
other  ponderable  bodies. 

In  tne  case  of  tiie  tornado,  the  vertical  blast  is  accelerated 
by  the  difiTerence  between  the  pressure  of  the  air  at  the  eartii's 
surface,  and  at  the  altitude  to  which  the  blast  extends. 
Should  this  be  a  mile  there  would  be  a  difference  neariy  of 
one  hundred  and  forty-four  pounds  per  s(juare  foot.  During 
the  tremendous  gale  which  prevailed  at  Liverpool  last  winter, 
the  greatest  pressure  of  tlie  wind  was  estimated  at  oriy  thirty 
pounds  per  sl^uare  foot.  So  far  as  the  ingenious  inferences 
and  observations  of  Mr.  Epsy,  as  to  the  buoyancy  resultii^ 
from  a  transfer  of  heat  from  aqueous  vapour  to  air  hold  goo<^ 
die  vertical  force  so  alleged  to  arise,  will  co-operate  to  aid 
the  influence  of  electric  discharges  by  convection. 

The  distinguished  author  of  the  memoir  alluded  to  at  the 
outset  of  this  communication,  conceives  that  were  electricity 
the  cause  of  tornadoes,  the  magnetic  needle  should  be  dis- 
turbed by  them ;  and  without  advancing  any  proof  that  such 
disturbance  does  not  take  place,  founds  thus  an  objection  to 
electrical  agency.  I  conceive  that  it  would  be  unreasonable 
to  expect  a  magnetic  needle  to  be  affected  by  an  dectrifled 
blast  of  air,  if  protected  from  its  mechanical  force. 

It  has  been  shewn,  by  Faraday,  that  without  peeuHar 
management,  tending  to  prolong  the  re-action,  the  most  deli- 
cately suspended  needle  cannot  be  made  to  diverge  in  obe- 
dience to  the  most  powerful  discharges  of  mechanical  elec^ 
tricity.    An  electrical  spark  may  impart  a  feeble  magnetism. 
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but  it  b  too  rapid  and  traDeient  to  effect  a  needle.  Moreover, 
wbea  a  needle  is  at  right  angles  to  an  electric  current,  which 
would  be  quite  competent  to  influence  it,  if  parallel  to  it, 
there  can  be  no  consequent  movement,  since  tfie  current 
tends  to  keep  it  in  that  relative  position.  The  direction  of 
every  electrical  discharge,  inducing  a  tornado,  must  neces- 
sarily be  nearly  at  right  angles  to  the  needle,  since  it  must 
be  vertical,  wtule  the  needle  b  necessarily  horizontal,  when 
so  supported  as  to  traverse  with  facility. 

I  do  not  perceive  any  facts  or  suggestions  in  the  article  by 
(Ersted,  which  are  competent  to  render  the  .phenomenon  of 
which  be  treats  more  intelligible  than  it  was  rendered  by  the 
accurate  survey  and  examination  of  the  track  of  the  New 
Brunswick  tornado,  by  Dallas,  Bache,  and  Espy,  in  con- 
nexion with  accounts  published  by  other  witnesses  of  that 
and  other  similar  meteors. 

It  seems  to  be  admitted,  on  all  sides,  that  within  a  certain 
space  there  is  a  rarefaction  of  air,  tending  to  burst  or  unroof 
muses.  That  the  upward  blast  conseqnent  to  this  rarefaction, 
cairies  up  all  moveable  bodies  to  a  greater  or  less  elevation ; 
diat  an  afflux  of  air  enmies,  from  all  quarters,  to  supply  die 
vacuity,  which  the  vertical  current  has  a  tendency  to  produce. 
Trees,  within  the  rarified  area,  are  uprooted,  and  sometimes 
carried  aloft ;  but  on  either  side  of  it,  or  in  front,  or  in  the 
rear,  are  prostrated  in  a  direction  almost  always  bearing 
towards  a  point,  which  during  some  part  of  tfie  time  in  which 
the  meteor  has  endured,  has  l^n  under  the  axis  of  the  column 
which  it  formed. 

It  appears  to  me  that  all  the  well  authenticated  charac* 
teristics  enumerated  by  (Ersted,  are  referable  to  the  view  of 
the  case  thus  presented.  This  distinguished  author  assumes 
that  there  is  a  whirling  motion,  altbough  between  American 
observers  this  is  a  debated  question  It  seems  in  the  highest 
degree  probable  that  gyration  does  take  place  occasionally,  if 
not  usually,  mnce  in  the  case  of  liquids  rushing  into  a  vacuity, 
a  whirlpool  is  very  apt  to  ensue.  But  as  slight  causes  will  m 
such  cases  either  induce  or  arrest  the  circular  motion,  such 
movements  may  be  condnffent.  It  would  however  appear  pro- 
bable that  when  gyration  does  exist,  it  may,  as  the  consequent 
generation  of  centrifugal  force  tend  to  promote  or  sustain  the 
rarefaction,  and  tfius  contribute  to  augm^it  the  force,  or  pro- 
long the  duration  of  a  tornado. 

From  observations  made  upon  the  track  of  the  recent 
tornado  at  New  Haven,  I  am  led  to  surmise  that  there  was 
more  than  one  axis  of  gyration  and  vertical  force — I  conceive 
that  in  consequence  of  the  diversities  in  the  nature  of  the 
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bodies  or  the  soil,  there  was  a  more  copious  emission  of  elec- 
tricity from  some  parts  of  the  rarefied  area  than  others.  In 
two  instances  waggons  with  iron  wheel  tires  and  axles,  were 
especially  the  objects  of  the  rage  of  the  elements.  Trees 
equally  exposed  were  unequaUy  affected,  some  being  carried 
aloft,  while  others  were  left  standing.  The  area  of  a  tornado 
track  may  be  more  analogous  to  a  rough  surface  than  a  point, 
and  the  electricity  may,  from  its  well  known  habitudes,  be 
given  off  from  such  bodies  as  are  from  their  shape  or  nature 
most  favorable  to  its  evolution. 

Since  these  inferences  were  made,  I  have  observed  in  Reid's 
work  upon  Storms,  that  similar  impressions  were  created  by 
facts  observed  during  a  hurricane  at  Mauritius  in  1824.  It 
was  remarked  that  narrow,  tall,  and  decayed  buildings,  ready 
to  turn  into  ruins  escaped,  at  but  little  distance  from  new 
houses  which  were  overturned  or  torn  into  pieces.  It  was 
inferred  there  were  local  whirlwinds,  subjectmg  some  locali- 
ties to  greater  violeoce  than  others  in  the  vicinitjf.  In  the 
case  of  other  hurricanes  similar  facts  have  been  noticed. 
.  It  may  be  expedient  here  to  subjoin,  that  I  consider  a  hur- 
ricane as  essentially  a  tornado,  in  which  an  electric  discharge 
by  ^^  convection,"  associated  with  discharges  in  the  form  of 
lightninff,  takes  place  from  a  comparatively  much  larger  sur- 
face. In  the  case  of  the  hurricane,  however,  the  area  of  the 
track  is  so  much  more  extensive,  that  the  height  of  the  vertical 
column  to  the  diameter  of  the  base  being  proportionably  less, 
there  is  necessarily  a  modification  of  the  phenomena,  which 
prevents  the  resemblance  from  being  perceived.  In  tiie  case 
of  the  hurricane,  the  column  is  too  broad  to  come  vrithin  the 
scope  of  a  human  eye. 

So  much  has  lately  been  presented  to  the  public,  either 
tiu-ough  the  newspapers,  journals,  or  lectures,  which  I  con- 
sider demonstrably  mcorrect  that  I  can  hardly,  consistentiy 
with  my  love  of  true  science,  remain  an  inactive  observer  of 
the  consequent  perversion  of  the  public  mind.  Unfortunately 
it  is  difficult,  if  not  impossible  to  discuss  such  subjects  without 
a  resort  to  language,  and  ideas,  which  are  too  technical  and 
abstruse  for  persons  who  have  not  made  chemistry  and  elec- 
tricity an  object  of  study. — I  have  however  prepared  a  series 
of  essays,  in  which  the  causes  of  storms  are  stated,  agreeably 
to  my  view  of  this  important  branch  of  meteorology. — I  am, 
gentiemen,  yours  truly, 

ROBERT  HARE. 
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L  VII. — An  account  of  a  remarkable  Tornado  which  occurred 
towards  the  last  ofjunsj  at  Chatenay^  near  Paris,  being 
translated  from  the  Report  of  a  Parisian  savant,  Peltier, 
appointed  to  ascertain  whether  insurers  were  liable  for  the 
losses  under  policies  against  damage  from  thunder  storms 
(See  Journal  des  Debate  for  the  17thof  Joly.)  Also  Re-^ 
marks  and  Annotations  by  R.  Harb,  M.  D.  rrofeasor  of 
Chemistry,  in  the  Pensylvanian  Univerrity,  Philadelphia. 

FOR  THE   NATIONAL   GAZETTE. 

Messrs.  Editors : — You  had  published  a  memoir  on  Torna- 
does by  a  distinguished  foreigner,  CErsted.  Conceiving  the 
impression  conveyed  by  that  article  less  worthy  of  considera- 
tion than  those  which  bad  been  presented  in  a  memoir  which 
I  had  previously  published,  I  hope  that  I  shall  be  considered 
as  having  had  a  sufficient  incentive  for  endeavourmg  through 
the  same  channel  to  correct  the  erroneous  impressions  which 
that  memoir  was  in  my  opinion  of  nature  to  produce. 

In  my  letter  to  you  of  the  26  th  ult.  it  was  stated  that  I 
considered  tornadoes  as  the  consequence  of  an  electrical  dis- 
charge superseding  the  more  ordinary  medium  of  lightning. 
From  an  acticle  which  has  since  met  my  attention  in  the 
Journal  des  Debats,  published  on  the  I7th  July  at  Paris,  it 
appears  that  a  tremendous  tornado  accurred  about  the  last  of 
the  preceding  June  in  the  vicinity  of  that  metropolis.  The 
losers  applied  for  indemnity  to  certain  insurers,  who  objected 
to  pay  on  the  plea  that  the  policies  were  against  thunder 
storms^not  against  tornadoes.  This  led  to  an  application  to  the 
celebrated  Arago,  who  referred  the  case  to  another  savant, 
Peltier. 

From  the  report  of  Peltier,  of  which  I  subjoin  a  translation, 
it  will  be  seen  that,  excepting  his  neglect  of  co-operative  in- 
fluence of  the  elasticity  of  the  air,  he  sanctions  my  opinion  that 
a  tornado  is  the  effect  of  an  electrical  discharge.* 

*  I  had  presented  copies  of  the  pamphlet  containing  my  memoir  to  M.  Arago 
andsefend  other  members  of  the  institute.  In  a  sabseqaent  conversaUon  he 
referred  to  some  of  the  suggestions  which  it  contained.  As  it  conveyed  a  yiew 
of  the  qoestion  decisi? ely  favourable  to  the  claimants,  it  may  be  inferred  that 
it  must  have  been  aUuded  to  by  Arago  aud  thus  have  become  the  source  of 
Peltier's  impressions.  It  may  therefore  be  anticipated  that  due  acknowl^g. 
ment  wiU  be  hereafter  made  by  him  when  be  realises  his  promise  of  making 
a  more  elaborate  report  on  the  tornado  of  Chatenay.  Before  entering  upon 
the  aiguments  by  which  I  sustained  my  hypothesis  it  was  briefly  stated  in  the 
following  words :  **  Ajter  maturely  contidtring  all  the  facts  I  am  led  to  suggest 
that  a  tornado  is  the  effect  of  an  electrified  current  of  air  superseding  the  moro 
msmai  metMs  of  discharge  betitein  the  earth  and  clouds^  in  those  vivid  sparks 
which  we  call  Ughining,*' 
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**  Yesterday,**  says  Peltier,  <*  I  visited  the  commune  of 
Gbatenay  in  the  canton  of  Ecouen,  department  of  Seine  and 
Oise,  and  investigated  the  disasters  experienced  in  the  month 
of  June  last,  from  a  tornado  which  first  originated  over  the 
valley  of  Fontenay  des  Louvres*  At  present  I  can  give  only 
a  summary  account  of  this  wonderful  phenomenon. 

<«  Early  in  the  morning  a  thunder  cloud  arose  to  the  south 
of  Chatenay,  and  moved  at  about  ten  o'clock  over  the  valley 
between  the  bilk  of  Chatenay  and  those  of  Ecouen*  The 
cloud  having  extended  itself  over  the  valley,  appeared  sta- 
tionary and  about  to  pass  away  to  the  west.  Some  thunder 
was  heard  but  nothing  remarkable  was  noticed,  when  about 
mid-day  a  second  thunder  storm  coming  also  from  the  south 
and  moving  with  rapidity  advanced  towards  the  same  plain  of 
Chatenay.  Having  arrived  at  the  extremitv  of  the  plain 
above  Fontenay,  opposite  to  the  first  mentioned  thunder  cloud, 
which  occupied  a  higher  part  of  the  atmosphere,  it  stopped  at 
a  little  distance,  leaving  spectators  for  some  moments  uncer- 
tain as  to  the  direction  which  it  would  ultimately  take.  That 
two  thunder  clouds  should  thus  keep  each  other  at  a  distance, 
led  to  the  impression  that  being  charffed  with  the  same  elec 
tricity,  they  were  rendered  reciprocaUy  repellent,  and  that  a 
conflict  would  ensue  in  which  the  terrestrial  siuface  would 
play  an  important  part.  Up  to  this  time  there  had  been 
thunder  continually  rumbling  within  the  second  thunder  cloud, 
when  suddenly  an  under  portion  of  this  cloud  descending  and 
entering  into  communication  with  the  earth,  the  thunder 
ceased.  A  prodigious  attractive  power  was  exerted  forthwith, 
all  the  dust  and  other  light  bodies  which  covered  the  surface 
of  the  earth  mounted  towards  the  apex  of  the  cone  formed  by 
the  cloud.  A  rumbling  thunder  was  continually  heard. 
Small  clouds  wheeled  about  the  inverted  cone  rising  and  de- 
scending with  rapidity.  An  intelligent  sjiectator,  M.  Dutour^ 
who  was  admirably  placed  for  observmg,  saw  the  column 
formed  by  the  tornado  terminated  at  its  lower  extremity  by  a 
cap  of  fire ;  while  this  was  not  seen  by  a  shepherd,  Oliver, 
who  was  on  the  very  spot,  but  enveloped  in  a  cloud  of  dust. 

<^  To  the  south-east  of  the  tornado,  on  the  side  exposed  to 
it,  the  trees  were  shattered,  while  those  on  the  other  side  of  it 
preserved  their  sap  and  verdure.  The  portion  attacked 
appeared  to  have  experienced  a  radical  change,  while  the  rest 
were  not  affected.  The  tornado  having  descended  into  the 
vailey  at  the  extremity  of  Fontenay,  approached  some  trees 
mtuated  along  the  bed  of  a  rivulet,  whicn  was  without  water 
though  moist.  After  having  there  broken  and  uprooted  every 
tree  which  it  encountered,  it  crossed  the  valley  and  advanced 
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towards  some  other  trees,  which  it  also  destroyed.  In  the 
next  place,  hesitating  a  few  moments  as  if  uncertain  as  to  its 
route,  it  halted  immediately  under  the  first  thunder  cloud* 
This,  although  previously  stationary,  now  began  as  if  repelled 
by  the  tomuo  to  retreat  towards  the  valley  to  the  west  of 
Chatenay.  Die  tornado  after  stopping  as  1  have  described, 
would  in&Uibly  on  its  part,  have  moved  on  towards  the  west 
to  a  wood  in  that  direction,  if  the  other  thunder  cloud  had  not 
prevented  it  by  its  repulsion.  Finally  it  advanced  to  the  park 
of  die  castle  of  Chatenay,  overthrowing  every  thing  in  its 
path*  On  entering  this  park,  which  is  at  the  summit  of  hill. 
It  desolated  one  of  the  most  agreeable  residences  in  the 
nei^ibourhood  of  Paris.  All  the  finest  trees  were  uprooted, 
the  youngest  only,  which  wore  without  the  tornado,  having 
escaped.  The  waUs  were  thrown  down,  the  roofs  and  chim- 
neys of  the  castle  and  farm  house  carried  away,  and  branches, 
tiles  and  other  moveable  bodies  were  thrown  to  a  distance  of 
more  than  five  hundred  yards.  Decending  the  hill  towards 
the  north,  the.  tornado  stopped  over  a  pond  killed  the  fish, 
overthrew  the  trees,  withenng  their  leaves,  and  proceeded 
slowly  along  an  avenue  of  willows,  the  roots  of  which  entered 
the  water,  and  beinff  during  this  part  of  its  progress  much 
diminished  in  size  and  force,  it  proceeded  slowly  over  a  plain, 
and  finally  at  the  distance  of  more  than  a  thousimd  yards  from 
Chatenay,  divided  into  two  parts,  one  of  which  disappeared  in 
the  clouds,  the  other  in  the  ground. 

**  In  this  hasty  account  I  have,  vdth  the  intention  of  return- 
ing to  this  portion  of  the  subject,  omitted  to  speak  particularly 
of  it  effects  upon  the  trees.  All  those  which  came  within  the 
influence  of  tne  tornado,  presented  the  same  aspect ;  their  sap 
was  vaporized,  and  their  ligneous  fibres  had  become  as  dry  as 
if  kept  for  forty-eight  hours  in  a  furnace  heated  to  ninety 
degrees  above  the  bmling  point.  Evidiently  there  was  a  great 
mass  of  vapour  instantaneously  formed,  which  could  only 
make  its  escape  by  bursting  the  tree  in  every  direction ;  and 
as  wood  has  less  cohesion  in  a  horizontal  longitudinal,  than  in 
a  transverse  direction,  these  trees  were  all,  throughout  one 

Eortion  of  their  trunk,  cloven  into  laths.  Many  trees  attest, 
y  thehr  condition,  that  they  served  as  conductors  to  continual 
discharges  of  electricity,  and  that  the  high  temperature  pro- 
duced by  this  passage  of  the  electric  fluid,  instantiy  vaporized 
all  the  moisture  which  they  contained,  and  that  this  instanta- 
neous vaporization  burst  all  the  trees  open  in  the  direction  of 
their  length,  until  the  wood,  dried  up  and  split,  had  become 
unable  to  resist  the  force  of  the  wind  which  accompanied  tiie 
tornado.     In  contemplating  the  rise  and  progress  of  this  pbe 
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nomenon,  we  sde  the  oonTersioo  of  an  ordinary  tbandei^nst 
into  a  tornado  ;*  we  behold  two  masses  of  clouds  opposed  to 
each  other,  of  which  the  upper  one,  in  consequence  of  the  re- 
pulsion of  the  similar  electricities  with  which  both  are  diarged, 
repelling  the  lower  towards  the  ground,  the  clouds  of  the  lat- 
ter descending  and  communicating  with  the  earth  by  clouds  of 
dust  and  by  the  trees.  This  communication  once  formed,  the 
thunder  immediately  ceases,  and  the  discharges  of  electrieity 
take  place  by  means  of  the  clouds  which  have  thus  descended 
and  the  trees.  These  trees  traversed  by  the  electricity, 
have  their  temperature,  in  consequence,  raised  to  such  a  point 
that  their  sap  is  vaporized,  and  their  fibers  sundered  by  its 
effort  to  escape.  Flashes  and  fiery  balls  and  sparks  accom- 
panying the  tornado,  a  smell  of  sulphur  remains  for  several 
days  in  the  houses,  in  which  the  curtains  are  found  discoloured. 
Every  thing  proves  that  the  tornado  is  nothing  else  than  a 
a  conductor  formed  from  the  clouds,  which  serves  for  a  pas- 
sage for  a  continual  discharge  of  electricity  from  those  above, 
and  that  the  difference  between  an  ordinary,  thunder-storm 
and  one  accompanied  by  a  tornado,  consists  in  the  presence  of 
a  conductor  of  clouds,  which  seems  to  maintain  the  combat  be- 
tween the  upper  portion  of  the  tornado  and  the  ground 
beneath.  At  Chatenay  this  conductor  was  formed  bv  the 
influence  of  an  upper  thunder  cloud,  which  forced  the  lower 
portion  of  an  inferior  cloud  to  descend  and  come  into  contact 
with  the  terrestrial  surface.^ 

Peltier  concurs  with  me  in  the  opinion  that  the  tornado 
supersedes  lightning,  by  affording  a  conducting  communi- 
cation between  the  terrestrial  surface  and  thunder  cloud:  but 
he  conceives  that  die  cloud,  by  its  descent,  becomes  the  con- 
ductor, through  which  the  electric  discharge  is  accomplished : 
whereas,  agreeably  to  the  explanation  which  I  suggested,  a 
vertical  bk«t  of  air,  and  every  body  carried  aloft,  contributes 
to  form  the  means  of  communication.  Agreeably  to  this 
suggestion,  the  electic  fluid  does  not  pass  by  conduction,  but 
^*  convection,*'  as  explained  in  my  letter  of  the  26th  ult  That 
the  idea  of  the  parisian  savan,  that  the  cloud  acts  as  a  con- 
ductor, is  untenable  must  be  evident,  since  the  Ught  matter  of 
winch  a  cloud  is  constituted  could  not  be  stationary,  between 
the  earth  and  sky,  in  opposition  to  that  upward  aerial  current 
of  which  the  violence  is  jnroved  to  be  sufficient  to  elevate  not 
only  water,  but  other  bodies  specifically  much  heavier  than 
this  liquid. 

•  See  6th  vol.  of  the  American  PbUosophical  transactions,  or  Sillimmn's 
Jraml  for  1887,  voL  32,  pa^  164. 


Digitized  by  VjOOQ IC 


Mr.  ItoherU*  diMcriptioH  ^/  a  new  VoUameUr.       401 

Soianehof  thenairatiye  of  Pdtier  as  relates  to  die  repulsion 
betireeo  the  thunder  cloodsy  is  inconsistent  with  any  other 
&cts  on  record  respecting  tornadoes  which-  have  come  within* 
my  knowledge.  It  should  be  recollected  that  this  part  of  the 
stoty  does  not  depend  upon  the  observation  of  the  author,  and 
»ay  be  due  to  the  imagination  of  the  witnesses  whom  he  ex- 
amined. The  most  important  part  of  his  evidence,  is  that 
respecting  the  effect  upon  the  trees,  which  appears  to  me  to 
demonstrate  that  tibey  were  thel  medium  of  a  tremendous  elec- 
trical current 

In  my  memoir  I  noticed  the  iigury  dcme  to  the  leaves  of 
trees,  and  stated  my  conviction  that  ^€uit  uxu  inconceivabU 
that  mechanical  laceration  could  have  thus  extended  itself 
efualiy  among  thefoiiage,,  a  surmise  may  be  warranted  thai 
the  change  toas  effected  by  electricity  associated  with  the 
tornado,^ 


LVIII. — Description  of  a  new  Voltameter.    By  Mabtyn 
RoBBETS,  Esq.     In  a  letter  to  the  Editor. 

Mt  Dsab  Sir. — If  you  think  the  fdlowing  account  of 
an  instrument  worthy  of  a  place  in  ^rour  Annals  of  Electri- 
city, you  are  at  liber^  to  insert  it.  1  contrived  the  instrument 
last  winter,  and  found  it  exceedingly  useful  in  comparing  the 
decomposing  power  of  different  electric  currents.  I  brought 
it  before  the  Koyal  Society  of  Edinburgh,  where  it  was  much 
Improved  of. 

The  usual  way  of  measiuring  the  quantity  of  gas  developed 
by  the  poles  of  a  galvanic  battery,  is  by  an  instrument  callea  a 
voltameter,  of  which  there  are  many  forms ;  but  to  all  there 
is  an  objection,  viz.,  the  trouble,  and  often  difficulty  of  refilling 
the  tube  with  the  liquid  to  be  decomposed.  Tbe  change  J 
have  made  in  the  form  makes  it  a  very  simple  instrument, 
giving  great  facility  of  manipulation,  wmch  you  wiU  allow  is 
of  importance  in  all  electrical  experiments.  My  voltameter 
fig.  5.  pi.  IX.  is  a  glass  tube,  bent  like  the  letter  U,  and  sunk 
into  a  wooden  stand,  as  deep  as  the  dotted  lines  in  the  figure. 
One  leg  a  will  contain  about  three  cubic  inches  of  gas,  and  on 
its  length,  is  cut  a  scale  dividing  it  into  inches  and  tenths, 
cubic ;  on  the  summit  of  the  other  leg  A  is  a  reservoir  c  which 
will  contain  something  more  than  three  cubic  inches. 

About  an  inch  above  the  lowest  point  of  the  curvature  of 
the  tube,  and  in  the  leg  a  two  holes  are  bor^  in  the  glass, 
and  in  these  are  cemented  two  short  pieces  of  No.  6  platina 
wire.  (/.(/.  The  ends  of  these  wires  in  the  tube,  must  be  close  to 
each  other,  but  must  not  touch.  The  outward  ends  of  these 
Vol.  IV.— No.  21,  Marchy  1840,  E  s 
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wires  terminate  in  two  binding  screws,  ^  $,  for  the  purpose  <^ 
attaching  to  them  the  wires  of  a  batt^.  On  the  summit  of 
tibe  leg  a  is  a  stop-cock 

To  use  the  instrument,  fill  both  legs  with  dilute  sulphuric 
add  to  the  level  of  the  stop-cock,  or  rather  to  zero  on  the 
scale.  Shut  the  stop-cock,  and  fasten  the  battery  wires  ia 
the  binding  screws :  the  decomposition  of  the  water  now  com- 
ipences,  the  gas  rises  in  the  leg  a  and  the  liquid  is  raised  into 
the  reservoir  c  and  this  wiU  continue  untd  the  liquid  is 
depressed  in  the  leg  a  below  tbe  platina  wires*  The  number 
of  mchefi[  and  tenths^  of  gas  produced  in  a  given  time  is  marked 
by  the  scale,  and  gives,  of  course,  the  comparative  power  of 
the  battery  as  usual.  But  now  if  you  wish  to  repeat  the 
experiment,  you  have  only  to  open  the  stop-cock,  the  ffas 
rushes  out,  and  the  apparatus  is  instantly  ready  for  another 
trial.  ^ 

Iremaifiy  my  dear  Sir^  yours  tmly, 

MARTYN  J.  ROBERTS. 


lilX. — On  an  Air  Electrometer  ;  by  B.  W.  Coward,  Esq. 
In  a  Letter  to  the  Editor.     See  fig.  4.  PI.  IX. 

Dear  Sir, — The  instrument  consists  of  a  glass  cylinder,  three 
inches  diameter,  by  eight  inches  in  length,  on  ^ach  end  of  which 
a  brass  cap  is  cemented  air  tight ;  passing  through  the  upper 
cap,  and  near  the  edge  is  a  glass  tube  B  blown  with  a  funnel- 
shaped  end  (for  the  purpose  of  exposing  a  greater  surface,)  and 
bent  so  as  to  leave  a  short  parallel  arm  of  about  two  inches  and 
a  half.  To  the  long  arm  of  this  tube,  a  narrow  graduated 
scale  of  ivory  is  affixed  by  means  of  fine  wire.  C  and  D  are 
brass  wires  and  balls  placed  in  tiie  centre  of  the  caps,  the 
upper  one  sliding  in  a  collar  of  leather.  In  order  to  use  this 
instrument,  the  tube  B  must  be  filled  to  about  the  height  of 
two  inches,  with  a  fluid,  on  the  surface  of  which  in  the  long 
arm  must  rest  a  light  guase  made  of  ivory,  and  sliding  so 
freely  as  to  require  very  shght  springs  made  of  quill,  to  res- 
train it  by  thin  pressure  in  any  part  of  the  tube. 

Now  it  is  evident  if  a  charge  be  passed  through  the  cylinder, 
the  air  in  it  will  be  displaced,  and  pressing  down  the  fluid  in 
the  short  arm,  it  will  nse  in  the  long  one,  and  of  course  the 
gua^e  with  it,  which  by  the  springs,  will  be  restrained  at  its 
maxnnum  height.    The  gauge  is  represented  at  £. 

The  advantages  to  be  derived  from  this  construction  of  the 
instrument,  I  conceive  to  be, — 

Ist  The  appearance  is  more  elegant* 

2nd.  It  is  more  easily  affected. 
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3rd.  There  is  no  sloppbg  about  of  a  large  quantity  of  fluid 
in  the  bottom  of  the  cyiimder. 

4th.  Should  the  tube  require  cleaning,  or  the  fluid 
replenishing,  it  is  easily  eff'ected. 

5th.  The  permanent  indication  afforded  by  the  guage,  ot 
height  to  which  the  fluid  has  risen. 


IX — The  Aurora  Borealis^  of  Sepietkber  Sd^   1839* 

A  very  singular  aurora  borealis  appeared  at  London,  on 
the  eveniDg  of  the  3rd  of  September,  1839.  It  first  made 
its  appearance  about  a  quarter  before  nine  o'clock,  and  con- 
tinued nearly  the  whole  of  the  night.  I  was  walking  from 
Brixton  to  Peckham,  between  nine  and  ten,  and  kept  the 
aurora  in  view  the  whole  of  tlie  time.  I  first  saw  it  when 
passing  Brixton  church,  then  about  nine  o'clock  ;  its  appear- 
ance was  tliat  of  a  yellowish  light,  at  a  small  altitude  above 
the  northern  horizon.  In  tlie  cn)urse  of  a  few  minutes,  a  few 
faint  straggling  streams  glided  upwards  to  a  considerable 
height;  and  soon  afterwards  several  groups  of  brilliant 
streaks  of  red  and  white  light  shot  over  an  immense  track  of 
the  northern  heavens,  to  nearly  the  zenith.  Besides  these 
streamers,  there  were  also  splendid  blushes  of  alternate 
stationary  and  raovlug  red  and  white  light.  The  sky  was 
partially  covered  with  thin  vapoury  clouds,  which  had  an 
obvious  influence  on  the  colour,  and  the  apparent  horizontal 
motion  of  the  light,  which  light  also  was  easily  distinguished . 
to  be  behind  or  beyond  these  thin  clouds  of  vapour ;  and 
assumed  a  deeper  tinge  of  redness  as  the  vapour  became  more 
dense  between  it  and  the  spectator.  As  this  was  the  first 
time  of  my  observing  this  red  light  during  the  display  of  an 
aim)ra,  I  became  very  anxious  to  know  its  cause,  for  I  never 
yet  saw  the  electrical  light  in  artificially  attenuated  air  any 
thing  like  the  colour  of  the  light  which  I  observed  on  this 
occasion.  It  was  sometimes  of  a  deep  crimson,  at  other  times 
of  an  almost  fiery  red,  then  pink,  very  light  pink,  next  the 
white  colour  of  the  usual  aurora,  and  so  on  for  several 
alternate  successions.  And  at  other  times  the  aurora  would 
seem  to  reverse  the  order  of  colours,  beginning  with  the  ordi- 
nary white  light,  and  passing  through  the  different  red  tints 
down  to  the  perfect  cnmson ;  and  then  return  gradually  to 
the  ordinary  white.  I  had  several  opportunities  of  observing 
these  curious  changes  in  the  colour  of  the  light  before  I 
arrived  at  Camberwell.  Just  before  I  entered  the  grove  at 
Camberwell,  then  about  half-past  nine,  the  northern  sky  was 
illuminated  through  an  immense  horizontal  range,  with  a 
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splendid  red  light,  but  when  I  arrived  in  the  church  yard, 
about  five  minutes  afterwards,  the  red  light  had  nearly  dis- 
appeared, only  a  small  portion  remaining  on  the  northern 
edge  of  a  thin  fleece  of  vapour,  at  a  considerable  altitude 
above  the  western  horizon ;  being  replaced  by  several  splen- 
did groups  of  the  usual  white  streamers.  From  this  time 
till  a  Uttle  before  ten  the  aurora  lan^shed  very  considerably, 
but  about  five  minutes  before  ten  it  re-appeared  with  all  its 
former  splendour,  with  the  exception  of  the  red  colour.  His 
last  sudoen  display  presented  many  exceedinglv  fine  groups  of 
intense  streamers  which  shot  upwards  to  the  zenith,  and 
covercMl  an  immense  space  in  the  heavens,  but  lasted  only  a 
few  minutes  before  they  vanished  and  appeared  to  leave  the 
night  in  comparative  darkness.  I  watched  the  aurora  till 
alK>ut  half-past  ten,  but  as  at  that  time  there  appeared  ni> 
reason  for  its  continuance  much  longer,  I  ceased  my  observa- 
tions. I  understand,  however,  that  the  aurora  re-appeared  in 
great  splendour,  and  continued  till  three  o'clock  next  morning. 
I  never,  before,  observed  an  aurora  borealis  expand  to  so 
great  a  horizontal  range  as  that  which  I  have  now  partly  des- 
cribed. Lyra  and  Capella  were  excellently  situated  for 
giving  a  good  idea  of  the  horizontal  extent  of  the  aurora,  the 
former  star  being  just  within  its  western,  and  the  latter  just 
vnthin  its  eastern  margin.  The  thin  vapoury  clouds  presently 
clearing  away,  these  two  conspicuous  stars  were  afterwards 
noticed  to  be  within  the  limits  of  the  auroral  beams.  Before 
ten  o'clock  the  sky  had  become  pretty  clear,  and  the  stars  shone 
in  everv  part  sf  the  visible  heavens.  I  did  not  observe  any 
meteoric  stars.  William  Sturgeon. 


LXI. — American  Philosophical  Society. 

Professor  Bache,  in  behalf  of  Professor  Alexander,  of 
Princeton,  made  a  verbal  communication  of  a  description  of 
the  aurora  borealis,  of  September  3rd,  1839,  as  it  appeared 
at  Princeton, 

At  about  ten  or  fifteen  minutes  past  eight,  P.  M.  an  ill-de- 
fined, but  considerablv  bright  light  was  seen  to  extend  for 
some  distance  above  the  horizon,  in  a  direction  nearly  due 
east;  it  was  similar,  in  intensity  and  appearance,  to  a  lunar 
twilight.  Soon  after  this,  a  continuous  arch  or  zone  of  Uffht 
was  manifest,  extending  from  the  same  spot  to  the  opposite, 
or  nearly  opposite  portion  of  the  western  horizon.  Tnis  soon 
separated  in  two  parts,*  and,  after  a  short  interval,  beams  of 

•  Two  arches,  it  it  beliefed,  were  at  Uiit  time  fonned,  and  either  eeparated 
throughout  their  entire  extent,  or  iiiiittd  only  near  their  extrtmitiet ;  h«t  thii 
my  notss  do  not  expiicitly  itate. 
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light  shot  up  from  the  eastern  portioii  of  the  arch  which  were 
speedily  mmtiplied  in  every  direction  around  the  obserrer,  ex- 
cept within  about  thirty  degrees  of  the  true  (or,  it  might  be, 
magnetic)  south. 

A  corona  was  soon  formed,  which  was  at  first  auite  indis- 
tinct, and  was  not  continuous  for  any  great  length  cl  time, 
during  the  existence  of  the  aurora,  except  at  die  period  of  its 
greatest  brilliancy.  At  about  twenty  mmutes  past  eight,  this 
corona  was  situated  in  a  line  with,  and  about  midway  between 
« Aquilae  and  •  Lyrae.  This  may  be  considered  as  a  very 
tollable  approximation  to  its  position,  though,  from  the  ap- 
parent intersection,  or,  as  it  imght  almost  be  termed,  inter- 
weaving of  the  beams  which  composed  it,  it  was  not  often  easy 
to  fix  upon  the  place  of  its  centre  with  much  precision,  if 
indeed  that  which  seemed  its  centre,  did  not  really  change  its 
place ;  since,  at  times,  it  seemed  to  occupy  a  position  very 
sensibly  lower  than  that  which  the  preceding  observation 
would  indicate. 

At  about  half  past  eight,  the  appearance  of  the  aurora  was 
superb.  The  radiations  which  extended  from  die  corona, 
nearly  reached  the  horizon  in  every  direction,  with  the  excep- 
tion of  those  which  tended  toward  the  southern  space  before 
mentioned,  which,  it  is  believed,  was  even  at  this  time  bounded 
hj  something  like  an  arch,  that  was  convex  towards  the  zenith. 
The  aurora  was  often  party-coloured ;  frequently  of  a  rose- 
Ted,  especially  in  spots,  m  that  portion  of  the  sky  which  might 
be  supposed  to  be  near  the  plane  of  the  dippmg  needle ;  and 
also  about  the  centre  of  the  corona.  It  was  m  die  part  of  the 
heavens  here  described,  that  the  arch  of  greatest  intensity 
could  most  commonly,  if  not  uniformly,  be  traced  :  though  the 
crown  of  it  frequently  faded  away,  or  became  excessively 
faint 

Between  the  spots,  of  red  li^ht,  or  beams  of  the  same  tint, 
others  were  observed,  which,  either  from  the  effect  of  the  first 
mentioned  colour,  or  something  peculiar  to  themselves,  ap- 
peared of  a  colour  approaching  to  a  botde-green. 

At  times,  again,  when  the  corona  was  deficient,  die  ap- 
pearance of  what  remained  on  each  side  of  the  vacant  spot,  was 
not  unlike  that  of  two  immense  comets ;  their  heads  some 
small  distance  asunder,  and  their  tails  turned  eastward  and 
westward. 

The  light  of  the  corona,  when  most  perfect,  was  quite  dense, 
not  only  at  the  central  point,  but  also  near  to  what  seemed  to 
be  the  outer  limits  of  its  radiations,  at  which  the  tint  com- 
monly exhibited  the  nearest  approach  to  white. 

Two  meteors  or  shooting  stars  were  seen,  which  in  both 
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cases  appeared  to  pass  between  the  aurora  and  the  eye  of  the 
observer ;  one  nearly  in  the  direction  of  the  arch  ofgreatest 
intensity,  and  the  other  ahnost  perpendicular  to  it.  The  pre- 
cise times  of  their  appearance  were  not  noted,  though  they  fell 
within  that  period  in  which  the  phenomena  already  described 
were  exhibited. 

The  corona  formed  a^ain  at  nine^  and,  though  again 
broken,  was  imperfectly  visible  after  that  time. 

At  hslf  past  nine,  the  eastern  portion  of  the  sky  became 
tinted  with  intense  red  and  green ;  but  at  half  past  ten,  little 
else  remained  than  the  appearance  of  bright  horizontal  beams 
of  white  colour  in  the  north. 

If  it  be  admitted  that  the  centre  of  the  aurora  was  precisely 
midwaj  between  a  Aquilae  and  a  Lyrse,  at  twenty  minutes  past 
eight,  Its  azimuth  must  have  been  P  W  42^^  £.  of  S.,  and  its 
altitude  73  °  2T  6'^ ;  the  latitude  of  the  observer  being  49°  W 
W  N.  The  point  thus  designated,  would  be  very  nearly  in  the 
direction  of  the  dipping  needle ;  the  dip  being,  by  observation, 
720  47/  6*^  (72°  47. 1')  and  the  variation  (though  not  accurately 
determined^  some  4^  W.  or  that  of  the  S.  end  of  the  needle, 
of  course,  the  same  extent  to  the  east.  The  degrees  of  azimuth, 
reckoned  on  a  parallel  to  the  horizon  at  an  altitude  of  72o  and 
more,  beins  small,  the  deviation  from  the  direction  of  the 
,  dipping  neeale,  measured  on  the  arc  of  a  great  circle,  would  be 
scarcely  more  than  1°  towards  the  N.  W. 

Professor  Bache  stated  that  his  own  observations  near 
Philadelphia,  of  the  altitude  of  the  apparent  converging  point 
of  the  auroral  beams,  at  nine  P.  M.  made  it  but  about  69° » 
He  had  witnessed  ^  case  of  the  appearance  of  a  dark  spot  of 
irregular  shape,  between  two  beams  of  light,  which  was  cer- 
tainly not  a  cloud,  as  the  stars  were  not  at  all  obscured  by  it, 
and  which  he  supposed  to  be  the  phenomenon  referred  to  re^ 
oently  by  Professor  Lloyd.  No  mottled  clouds,  such  as 
usually  attend  the  aurora,  were  visible  during  the  period, 
between  nine  and  ten  o^clock,  when  he  had  been  able  to  ob- 
serve. Professor  Bache  stated  that  he  did  not  place  much 
gtress  upon  his  measurements,  as  he  had  be^a  prevented  from 
sustained  observation  by  indisposition.  There  had  been,  in 
the  newspapers,  an  accoimt  of  an  auroral  display  visible  at 
London,  on  the  morning  of  the  fourth  of  September,  al 
about  the  same  absolute  time  as  at  Princeton,  according  to 
Professor  Alexander*s  observations.  It  was  said  to  have  been 
accompanied  by  a  very  unusual  number  of  shooting  stars,  com> 
pared  in  one  statpmept  of  the  splendid  display  of  November 
13th,  1833. 
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LXn. — A  New  Method  of  lUuminaiing  Microscopic  Objects, 
By  the  Rev.  J.B.Reade'^  M^,  crf'Caius  College,  Cambridge.* 

In  Dr.  Grofing's  valuable  memoir  of  the  Verification  of  IMS** 
cvoBcopic  t^eBCHnena^  it  is  obsenred,  ^  the  verification  of  the 
feal  nature^  fimn,  and  constmction,  o^a  vast  variety  of  objects 
which  elude  the  sense  of  touch  by  their  extreme  minuteness, 
can  only  be  made  ont  by  an  attentive  stady  of  dieir  wpear* 
smces,  under  a  variety  of  methods  of  iUuminatum.''^  The 
methods  of  illumination  at  present  adopted  are  four  in  nmnber, 
and  consist  in  the  application  of  direct  and  oblique  rejected 
Ughty  and  direct  and  oblique  transmitted  Ught. 

The  first  tiro  madiods  are  a^^cableto  opaque  objects,  but 
finr  the  examination  of  transparent  objects,  aU  the  methods 
are  available.  The  two  latter,  however,  it  is  well  known,  ak» 
diose  most  commonly  used. 

Now,  when  microscopic  objects,  not  opa^e,  are  viewed  with 
oUique  reflected  ligfat--tfae  flame  of  the  candle  being  placeA 
higher  than  the  stage  of  the  instroment,  and  its  light  coo^ 
densed  upon  the  object — it  is  invariably  found  that  the  maxi*> 
nmm  of  condensed  ligfat  which  can  be  obtained  by  this  method 
is  sufficient  for  the  fi^  developement,  of  many  important  char 
cacters.  If,  again,  transmitted  light,  either  direct  or  oblique^ 
be  substituted  for  reflected  light,  obstacles  of  a  still  more 
s^ous  nature  gfeady  interfere  wiUi  accurate  investigation. 
Delicate  tints  are  lost ;  colours  naturally  bright,  or  even  bril- 
liant, are  all  but  absorbed ;  the  texture  and  construction  of  ob*^ 
fects  are  erroneously  represented ;  and,  in  JGbuN;,  nothing  is  seen, 
in  many  cases,  but  a  magnified  image  of  the  object  in  mere 
blackand  white.  .  Nor  is  this  aU ;  for  besides  this  defective 
representation^  the  eye  of  the  observer  is  always  subject  to 
jaauch  painful  excitement,  arising  from  the  intense  illuminatum 
i^the  whole  field  of  view.  And  here,  in  &ct,  lies  the  greisKt 
practical  inconvenience  of  the  present  method;  for,  to  take  « 
common  case*— an  dbgect  about  1-QOOth  of  an  inch  in  diameter 
being  placed  in  the  middle  of  the  field  of  view,  the  diameter  of 
which  is  about  l-12th  of  an  inch,  and  consequently  being 
l-625th  part  of  the  area  of  the  field  of  view,  the  eye  has  to  6oii«- 
tend  with  624  parts  of  the  bright  light,  which  axe  notbronglrt 
to  bear  upon  the  illumination  of  tlie  obiect  Hence,  a  mettiod 
by  which  this  intense  glare  shall  be  wnoHy  removed,  and  diat 
without  the  loss  of  a  single  effective  ray,  must  evidently  be  su- 
perior to  the  one  usually  employed,  in  the  ratio  of  a)t  least 

€00tol. 

■  ■   -  '■ 

•  From  Goring  and  Pritchard's  Miozograpbia. 
f  Microtoopio  Cabinet,  p.  1S3. 
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Being  lately  engaged  in  the  examination  of  a  few  test  object$j 
I  happened  to  notice  that  the  feathers  of  the  Lycmna  argus^ 
when  held  above  the  flame  of  a  candle,  exhibited  at  a  certain 
angle  all  their  peculiar  lints,  and  at  the  same  time  the  flame 
was  not  visible  to  the  eye.  It  then  occurred  to  me,  that  by 
preserving  the  same  angle  under  the  microscope,  the  advantage 
of  amplification  would  also  be  accompanied  by  the  natural 
colours  of  the  object.  The  requiidte  angle  was  readily  obtained 
by  making  the  axis  of  the  microscope  coincide  w{di  the  line 
firom  the  object  to  the  eye,  while  the  candle  and  the  object  re- 
tained their  relative  positions.  The  result  accorded  with  my 
anticipation,  and  I  was  gratified  by  the  exhibition  of  the  most 
brilliant  diamond  tints,  sparkling  with  exquis^  lustre  on  a  jet 
black  ground.  This  new  method  of  illuminating  microscopic 
objects,  it  is  at  once  apparent,  consists  in  obtaining  oblique  re- 
fracted  light. 

On  submitting  a  series  of  objects  to  the  same  illuminatioui 
I  was  soon  convinced  of  the  value  of  the  discovery ;  and  I 
scarcely  know  which  to  admire  most — ^whether  the  very  natuial 
appearances  of  objects,  adorned,  as  they  invariably  are,  by  the 
presence  of  their  most  delicate  colouring,  or  the  personal  com- 
fort of  the  observer,  arising  from  the  absence  of  all  superfluous 
light  To  illustrate  the  two  methods  by  a  reference  to  the 
telescope,  it  may  be  observed,  that  the  discomfort  of  viewing 
spots  onihe  sun  not  unapdy  corresponds  with  the  view  of  mi- 
croscopic objects  on  an  illuminated  field ;  while  the  removal 
of  all  inconvenient  and  ineffective  Ught  £rom  the  field  of  the 
microscope  corresponds  with  the  clear  ajid  quiet  view  of  stan 
on  the  dark  blue  vault  of  the  firmament 

The  most  practicable  mode  of  obtaining  the  illumination 
now  described  is  to  fix  the  object  on  the  stage  of  the  micios- 
c(^,  in  the  usual  way,  the  axis  of  which  must  be  inclined  to 
the  table,  at  about  an  ang^e  of  45^,  and  then  to  place  the 
candle  about  two  inches  below  the  sts^,  and  about  one  or  two 
inches  to  the  right  or  left  of  it;  but  this  lateral  distance  must 
be  varied,  according  to  the  nature  of  the  object  ahd  the  angle  of 
aperture  of  the  instrument  It  must  be  carefully  borne  in  mind 
that  the  illumination  will  not  be  correct  unless  the  field  of  view 
be  wholly  darkened. 

To  obtain  this  kind  of  illumination  with  &cilitT  and  effect, 
it  will  be  necessary  to  make  some  alterations  in  the  construc- 
tion of  the  instrument :  as,  for  instance,  in  order  to  apply  con- 
densed light,  the  arm  of  the  condenser  must  be  placed  in  a  ball- 
and-socket  joint,  or  some  similar  contrivance  must  be  adopted; 
for  when  it  is  perpendicular  to  the  axis  of  the  microscope,  its 
introduction  diverts  the  course  of  the  rays  firom  the  candle  to 
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tlie  stage,  and  not  unfrequendy  illuminates  the  field  of  riew. 
The  mirror  also  cannot  be  made  available  in  its  present  posi- 
tion, for  this  kind  of  illamination,  because  light,  when  reflected 
from  it,  must  of  necessity  illuminate  the  field.  It  must  there- 
fore be  fixed  on  an  extended  and  jointed  arm ;  and  when  so  con- 
structed, microscopic  objects  may  be  viewed  even  in  the  day- 
time by  oblique  refiracted  light.  Again,  a  very  remarkable 
niicioscopic  effect  will  be  produced  by  giving  a  small  vertical 
angular  motion  either  to  die  body  of  the  instrument  or  to  the 
stage,  as  in  Gming's  Engiscope.  By  this  means,  the  plane 
ijS  the  object  which,  owing  to  the  present  construction,  is  of 
necessity  parallel  to  the  diameter  of  die  objex^t-glass,  may  be 
inclined  to  it  at  different  angles;  and  we  shall  thus  obtain  o&- 
Uqmevieum  as  well  as  oblique  iUuminatum.  These  two  con- 
ditions are  absolutdy  necessary  for  obtaining,  in  many  in- 
stances, the  true  effect  of  coloured  objects  even  with  the  naked 
eye,  and  the  introduction  of  magnifying  powers  between  the 
object  and  die  eye  does  not  render  these  two  conditions  a  whit 
the  less  necessary. 

The  effect  of  this  new  method  of  illumination  may  be  tried 
wiA  advantage  on  various  subjects  of  the  larger  kind,  as  cut- 
tings of  wood,  scales  of  fish,  and  wings  of  insects.*  We  may 
also  apply  it,  widi  peculiar  interest,  to  the  investigation  of  the 
elementaiy  cnrgans  of  plants ;  animal  tissues ;  mosses ;  coral- 
lines; crystals;  and  the  scales  of  insects  of  die  orders  Lq>i- 
daj^exA  and  Thysanura.  In  each  of  all  these  some  striking 
and  hidierto  unperceived  character  will  be  developed,  and  the 
observer  will  rise  firom  his  pursuit  with  a  more  thorough  per- 
suasion diat  the  Being  whose  word  is  power,  and  by  whom  his 
own  body  '^is  fearfiilly  and  wpnderfiilly  made,*'  has  equally 
.exhibited  die  matchless  efforts  of  His  skill  in  the  exquisite 
pcdiah  of  an  insect's  joints ;  in  the  opening  of  a  leaf;  and  the 
pencilling  of  a  flower. — ^To  be  a  ueoretical  atheist  is  im- 
possible. 

Peckham,  Not.  1SS6. 

•  Among  the  tarioot  objects  whieh  shew  the  superiority  of  this  kind  of 
iUamination  ofer  trtasmitted  light,  the  spiral  TMsels  of  the  hyacinth  and  the 
pollen  of  the  ooatnlTolai  m^or  are  th«  most  decided.— A.  P. 
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LXin.  7%^  reason  why  a  smcM  pair  of  plates  introduced 
into  a  circle  of  large  pairs  reduces  the  action  of  the  whole 
battery  to  the  same  standard  as  if  it  were  composed  of  aU 
smaUpairs.  ByW.H.HALsEjEsq.  In  a  Letter  to  the  Editor. 

Mr.  EDiTORy — ^In  the  last  number  of  ^^  The  Annals'*  I 
promised  to  explain  my  theory  of  the  action  of  a  small  pair 
of  plates  when  introduced  into  a  circle  of  larger  ones;  as  I 
considered  that  the  theory  commonly  giren  as  an  explana;lMi 
of  it,  was  not  founded  on  fiict,  viz.,  ^^that  the  positire  dec- 
tricity  produced  on  die  large  plates  more  than  that  prodsced 
by  the  small  plates,  is  instantly  neutralized  by  an  equal  quan- 
tity of  negative  electricity,  and  that  this  extra  quantity  is 
-continually  being  produced  and  as  often  neutralised.^ — Now 
it  must  be  evident  that  this  cannot  be  correct,  for  if  it  were 
80,  double  as  imueh  zinc  must  be  dissolved  £rom  a  four  inch 
plate  as  there  would  be  from  a  two  inch  plate,  and  twice  the 
quantity  of  hydrogen  gas  evolved  by  the  large  copper.  Expe- 
riment will  prove  that  this  is  not  the  case,  for  in  a  compoimd 
loircle  consistnig  of  twenty  pairs  of  plates  vazying  fr(Mn  one 
i&di  to  eight  inches  in  size,  it  will  be  found  that  ^  quanti^ 
of  gas  liberated  from  the  coppers  of  the  eight  inch  pairs  ww 
be  no  more  than  that  evolv^  from  the  one  inch  pairs  and  the 
zinc  dissolved  is  also  equal.  Although  this  Aeor^  is  recemd 
by  many  persons  as  correct-^-^and  even  by  scxne  lecturers  <m 
galvanism,  for  I  have  heaord  them  give  this  explanation  «f 
it — ^I  am  convinced  thait  M.  De  k  Bivedid  not  meesi  it  in  this 
Hgfat,  for  he  must  undoubtedly  faave  coiisidet«4  the  extra  pro- 
ductions and  the  extra  re-compositions  of  the  two  electricities 
as  due  to  chemical  action  on  the  plates  beyond  what  was  neoes' 
^Moryfor  the  developement  of  the  electric  current  circukMmf 
through  unequal  pairs;  the  objection  winch  I  have  advanced 
therefore  can  have  no  effect  against  his  theory  as  he  intended  it  to 
be  understood,  but  only  against  that  as  received  and  adFeesled 
bv  those  who  are  ignorant  of  his  meaning.  I,  however,  now 
give  an  explanation  of  its  action  according  to  my  view  of  the 
subject  and  which  I  think  will  explain  eveiy  effect 

The  particles  which  compose  the  fluid  contents  of  the  bat» 
teiy  contain  both  pontive  and  negative  electricity;  the  zinc 
contains  both  also  ;  but  the  positive  of  ihe  zinc  and  the  nega- 
tive of  the  fluid  have  an  appetency  to  unite,  and  the  particles 
of  oxygen  and  zinc  unite  in  consequence  of  it;  dterdhre  the 
negative  electricity  which  was  combined  with  the  positive  in 
the  particle  of  zinc,  remains  on  the  mass  of  zinc  and  the 
positive  which  was  combined  with  the  negative  in  ihe  particle 
ci  oxygen  remains  in  the  fluid,  thus  the  zinc  plate  contains  an 
esBcess  of  negative  and  the  liquid  an  excess  of  positive  elec- 
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iriciiy.  The  negaiivey  therefore^  proceeds  from  ike  zinc  and 
the  positive  from  ihejluidy  both  travelling  in  different  diiec* 
tionsy  viz.,— the  positive  from  the  fluid  in  contact  with  the  zinc 
towards  the  copper  in  the  same  cell  and  the  n^ative  from  the 
mass  of  zinc  along  the  connecting  wire  to  the  copper  in  con- 
tact with  it  Having  thus  laid  the  foundation  of  my  theory^ 
I  will  suppose  a  battery  working,  in  which  a  pair  of  plates 
half  the  size  of  the  others  is  iiUroduced  into  the  circle;  say 
three  pairs  of  single  circles  united,  and  this  small  pair  shall  be 
the  second  pair.  At  the  commencement  of  its  action  each 
pair  of  plates  produces  electricity  according  to  its  size,  bni 
only  €U  the  moment  of  uniting  the  two  poles.  The  negatiiKe 
on  the  small  zinc  is  conveyed  by  the  connecting  wire  to  the 
copper  of  the  first  pair,  which  at  the  same  time  attracts  from 
the  liquid  in  which  it  is  immersed  (viz.  the  first  cell)  an  exact 
quantity  of  positive  to  neutralize  itself,  but  as  the  liquid  cod* 
tains  twice  as  much  positive  as  is  sufficient  for  the  neotial- 
ization  of  the  negative,  the  liquid  of  the  first  pairth^refoze 
remains  positive.  The  negative  electricity  accumulated  on 
the  zinc  of  the  third  pair  being  twice  as  much  as  the  potttive 
contained  in  the  liquid  in  which  the  small  copper  is  immeised 
(second  cell)  and  which  copper  is  connectM  with  this  zinc, 
only  one  half  of  it  escapes  from  the  zinc  by  the  connecting 
wire  to  this  copper,  and  consequently  the  mass  of  zinc  in  this 
third  cell  remains  negative,  on  account  of  there  not  being  a 
sufficient  quantity  of  positive  to  neutralize  it 

Now  as  the  zinc  plates  axe  po^ve  with  respect  to  the  fluids 
in  which  they  are  immersed  (that  is  that  their  positive  eleetrietty 
has  an  appetency  to  unite  with  the  negative  of  the  fluid)  it 
shews  that  the  action  of  the  acid  on  the  first  and  third  pairs 
must  be  diminished,  because,  in  immb^  one,  the  fluid  is 
positive  by  the  accumulation  of  that  Jdnd  as  before  stated,  and 
as  die  zinc  is  naturally  positive,  and  as  two  positives  wiU  not 
unite  (supposing  they  were  equal)  it  is  evident  that  the  chemical 
action  <m  the.  zinc  plate  of  number  one  must  be  diminished ; 
the  same  in  number  three — the  fluid  is  naturally  negative,  and 
the  zinc  naturally  pontive,  (with  respect  to  eacn  other)  but  as 
there  is  an  accnmidation  of  negative  electricity  on  the  zinc  of 
this  pair  as  before  stated,  it  prevents  its  associating  with  the 
negative  oxygen  of  the  fluid,  so  that  the  action  is  also 
diminished  on  this  pair,  but  in  the  cell  of  the  small  pair  the 
action  goes  on  uninterruptedly,  because  there  is  no  accmnula- 
^xm  of  either  electricity  on  the  zinc  or  in  the  fluid,  Aerefioe^ 
it  will  be  perceived  that  the  accumulation  of  the  positive  in 
the  liquid  of  the  first  pair  and  of  negative  on  the  zinc  of  the 
third  pair  act  a  similar  part,  as  a  regulator  bobs  to  a 
STBAM  ENGINE,  and  in  consequence  of  which  there  is  no  mora 
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electricity  produced  from  the  large  pairs  (the  commencement 
of  the  action  excepted)  than  from  die  small  pair ;  the  greater 
the  quantity  of  positive  accumulated  in  the  fluids  and  the 
more  negative  on  the  zincs,  the  less  the  amount  of  chemical 
action  in  these  cells — It  thus  necessarily  follows,  that  if  this 
be  correct,  the  prevailing  opinion  that  the  excess  of  either 
sort  of  electricity  is  immediately  neutralized  by  its  opposite 
must  be  incorrect,  because  no  excess  of  either  can  be  generated 
«ave  in  the  first  instance,  but  which  is  not  neutralized  but 
acts  the  purpose  of  regulating  the  action  of  the  acid  on  the 
zinc — ^for  example — supposing  the  large  plates  are  ten  inches 
square,  and  the  small  pair  oidy  one-fourdi  the  size,  and  sup- 
posing that  the  large  pair  is  capable  of  producing  four  times 
the  quantity  of  electricity  that  the  small  pair  will,  then  the 
action  of  the  acid  on  one  inch  of  the  small  pair  will  be  as 
much  as  its  action  on  four  inches  of  the  large  pair  or  four 
times  as  much  on  an  equal  surface,  that  is,  that  the  eame 
qtumtity  of  atoms  both  of  oxygen  and  zinc  mil  unite  in  the 
cell  with  the  small  pair,  as  tcill  unite  in  the  cell  with  the 
large  pair — ^the  degree  of  action  being  regulated  by  this 
small  pair,  which  has  the  effect  for  the  above  reasons  of  re- 
ducing the  action  of  the  battery  to  the  same  standard,  as  if  it 
were  composed  of  an  equal  number  of  these  small  plates, 
proving  how  necessary  it  is  when  we  want  large  quantities  of 
electricity  and  of  a  high  tension,  to  be  particular  not  to 
introduce  a  faulty  pair  into  the  circle.  According  to  this 
theory,  if  there  are  five  or  ten  pairs  of  plates  increasing  in 
size  from  one  to  ten  inches,  and  the  cells  supplied  with  dilute 
acid  sp.  gr.  lOM  (the  zincs  being  all  amalgamated)  the  hydro- 
gen gas  evolved  from  the  ten  inch  coppers  ought  to  be  no 
more  than  that  evolved  by  ihe  one  inch  coppers  in  an  equal 
tame,  and  the  quantity  of  zinc  dissolved  in  each  cell  oi^t 
also  to  be  equd.  Experiment  will  prove  4hat  such  is  the 
case.  I  am  well  convinced  that  the  above  will  be  veiy  diffi- 
cult to  be  understood  by  the  general  reader,  I  therefore  suggest 
the  necessity  of  his  placing  before  him  a  drawing  of  three 
simple  circles  united  with  each  other,  the  centre  one  being 
half  the  size  of  the  others,  and  I  have  no  doubt  that  with  a 
litfle  attention — ^particulariy  to  the  first  part  of  this  letter, — 
that  my  theory  will  be  nilly  comprehended,  and  that  he 
will  coincide  with  me  in  believing  it  to  be  the  most  plausible 
one  of  any  that  has  as  yet  been  advanced ;  still  as  it  clashes 
with  existing  opioions — ^perhaps  prqudices — of  course  I  must 
expect  the  general  attendants  inseparable  fix>m  innovators, 
viz.  abuse  and  ridicule ;  but  no  matter,  ^^felix  qui  poHnt 
rerum  cognoscere  causiU.^ 
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In  my  laBl  letter  I  also  stated  that  I  had  discovered  a  plan 
to  increajse  the  intensity  of  the  shocks ;  I  therefore  now  pre- 
sent you  with  the  method  : — 

A  method  to  increase  the  intemity  of  the  Shock  Apparatus. 

In  order  to  introduce  the  process  more  readUy  you  will  be 
pleased  to  place  before  you  either  a  shock  apparatus  having  two 
coils  or  else  the  sketch  of  one,  (fig.  6.  pi.  IX.)  and  let  the  two 
screws  connected  with  the  terminations  of  the  primary  coil  be 
marked  No.  1  P.  and  No.  2  P.  and  let  the  two  terminations  of 
the  secondary  coil  be  marked  No.  1  S.  and  No.  2  S.,  thus  we 
shall  have  one  side  of  the  apparatus  marked  No.  1  P.  and  No. 
1  S.,  and  the  other  side,  No.  2  P.  and  No.  2  S.  I  am 
thus  particular  in  my  explanations  that  I  may  be  better  under^ 
stood  by  all  your  readers.  Now  let  a  wire  jviss  firom  the  sciew 
No.  1  S.  to  No.  2  P.  that  they  may  be  connected  with  each 
other.  Next  let  a  wire  pass  through  the  screw  No.  1  P  suffi- 
ciently long  to  be  in  contact  with  one  pole  of  the  battery  and 
also  in  contact  with  one  of  the  handles ;  the  other  handle  is  to 
communicate  with  No.  2  S,  whilst  contact  with  the  battery  is 
broken  by  means  of  a  wire  connected  with  No.  2  P.  Thus  will 
the  shock  be  considerably  increased  and  about  one  half  the  wire 
now  used  for  the  secondaiy  coil  may  be  saved. 

It  will  at  first  sight  appear  to  the  operator  that  the  primary 
and  secondary  coils  are  connected  with  each  other  so  as  to  form 
one  continuous  coil,  and  that  the  increase  of  the  shock  is 
gained  on  that  account ;  but  with  a  little  consideration  it  will 
be  evident  that  this  is  not  the  case ;  it  is  true  that  <Hie  end  of 
the  primary  coil  is  connected  with  one  end  of  the  secondaiy 
coil,  but  in  order  that  it  should  be  the  efiect  of  one  continur 
ous  coil,  contact  with  the  battery  must  be  broken  by  means 
of  a  wire  connected  with  No.  2  S  instead  of  No.  2  P,  and  if 
this  be  done,  it  will  be  found  that  the  shock  is  very  trifling ; 
therefore  it  is  clear  that  the  increase  of  the  shock  is  owing 
to  some  other  cause  which  I  think  may  be  explained  as 
follows : — 

It  is  well  known  that  a  powerfiil  shock  can  be  obtained  by 
the  use  of  a  primary  wire  alone  ;  but,  that  the  shock  is  very 
considerably  increased  by  coiling  round  it  a  secondaiy  wire ; 
in  that  case  however,  this  latter  wire  does  not  communicate 
either  with  the  battery,  or  with  the  primary  coil,  the  current 
giving  the  shock  being  what  is  termed  "the  induced  current," 
and  which  depends  on  the  primary  wire  for  its  production, — 
the  shock  being  regulated  by  the  power  of  the  primary  coil, 
and  also  by  the  length  of  wire  forming  the  secondaiy  coil,  but  the 
shock^/^//  certainly  all  proceeds  fix)m  this  latter  coil,  and  the 
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shock  which  the  primary  coil  was  capable  of  giving,  as  cer- 
tainly lost  Now  it  occurred  to  me  that  some  means  may  be 
adopted  to  miite  this  latter  shock  with  the  secondaiy  one,  so 
that  both  may  be  brought  into  operation,  and  be  made  to  pass 
through  the  body  at  the  same  time,  and  this  is  evidently 
effected  by  the  before-mentioned  means,  for  the  induced  cur-, 
rent  is  obtained  in  an  indirect  manner,  viz. :  instead  of  the 
two  extremities  of  this  wire  being  in  direct  contact  with  the 
body  as  is  the  common  method,  only  one  end  is  in  contact, 
whilst  the  other  has  to  pass  through  the  battery  itself,  and  then 
comes  to  the  body  by  means  of  the  handle  connected  with 
the  primary  wire  screw.  No.  1,P ;  it  is  in  this  manner  that  the 
secondary  current  is  obtained.  The  primary  current  is 
obtained  by  its  passing  irom  the  battery  through  the  screw 
No.  2,  P,  across  to  die  screw  No.  1,  S,  then  circulatiDg  through 
the  whole  length  of  the  secondary  coil,  and  coming  into  contact 
with  the  body  by  the  handle  fastened  to  the  screw  No.  2,  S, 
the  other  handle  communicating  with  No.  1,  P,  and  also  with 
the  battery ;  it  will  be  thus  perceived  that  the  increased  effect 
is  otting  to  the  union  of  the  primary  current  with  the 
secondary  current^  and  both  being  made  to  pass  through  the 
body  at  once.  With  a  sketch  of  a  sliock  apparatus  placed 
before  you,  I  have  no  doubt  my  observations  will  be  readily 
understood,  for  after  the  screws  arc  marked  and  lines  drawn  to 
represent  the  wires,  the  whole  will  appear  very  plain.  I  have 
just  constructed  a  small  apparatus  on  this  ]  principle,  having 
only  four  hundred  feet  of  secondary  wire,  which  is  so  power- 
ful, that  no  one  would  be  inclineil  to  take  the  shock  a  second 
lime,  even  with  a  single  pair  of  lialf  ])int  cylinders. 
/  remain^  Mr,  Editor^ 

Your  obedient  Servant^ 

W.  H.  HALSE. 
Brent,  near  Ashbnrton. 

LXIV. — An  Analysis   of  Mr.   Harrises  Investigation  of 
Mr.  Sturgeon's  fourth  Memoir. 

Dear  Sir, — ^In  my  letter  of  2nd  December  last,  published  in 
No.22  of  these  AnnalSy{see  page  332,)I  promised  to  analyze  your 
excellent  investigation  of  my  fourth  Memoir ;  and  now  that  I 
am  about  to  enter  on  that  important  task,  I  must  request  your 
very  patient  attention,  because,  although  I  may  have  but  hide 
to  do  in  this  performance,  I  am  desirous  of  doing  that  little 
well.  Hence  I  shall  not  be  enabled  to  gallop  over  your  eaxet- 
lentinvestigation  as  &st  as  you  have  done  over  my  memoir,  nor 
shall  I  find  time  to  follow  your  example  in  those  elegant  exulta- 
tions in  which  youhave  so  frequently  enjoyed  yourself     My 
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bosineflSjOfnthisoccasioii,  will  be  merely  that  of  sepanUmg  and 
dafiEofymgy  the  various  materials  of  which  your  tiigertiyarftw» 
is  coiiq)osed,  and  examining  how  fur  they  are  concerned  in  tho 
great  question  at  issue. 

You  commence  your  ^investigation*'  in  about  the  usual  way 
of  introduction ;  and  if  you  had  not  perverted  the  meaning  of 
my  motives  for  submitting  my  fourth  memoir  to  the  ^^consider- 
ation of  all  the  learned  scientific  bodies  in  Europe  and  Ame- 
rica,^ and  committed  some  other  inaccuracies,  which  I  will 
presently  point  out,  your  first  paragraph  might  have  been  all 
veiy  well.  Now,  instead  of  my  saying  that  my  memoir  merited 
the  consideration  of  those  learned  bodies,  I  have  said,  pretty 
clearly,  that  it  "  is  the  subject  of  marine  lightning  conductors 
which  requires  such  general  attention  and  rigorous  investiga- 
tion'' :*  and  had  I  de»Qominated  those  scientific  bodies  to  which 
I  have  submitted  the  consideration  of  my  memoirs,  learned^  as 
you  have  done,  I  should  have  been  guilty  of  an  unpardonable 
insult  to  all  other  scientific  bodies ;  because  the  adjective  sci* 
enit{fic  impUes  learned;  and  I  have  a  right  to  consider 
that  all  scientific  bodies  are  learned  bodies.  Now  I  will  not 
say  that  your  perversion  of  my  statement  was  intentionalj  I 
shall  therefore  place  these  two  items  under  the  head  Mistake. 

There  are  also  other  mistakes  in  your  first  compound  para^ 
graph;  for  I  have  nowhere  said  ^that  a  metallic  rod  whilst 
transmitting  a  charge,  is  always  productive  otpotaetful  lateral 
explosions ;"  nor  have  I  anywhere  said  that  ^^this  effect,  in  the 
case  of  a  Ughtning  rod,  is  a  very  fearful  circumstance."  You 
must  necesMurily  have  observed,  that  the  ^  fearful  circumstances^ 
which  you  mention  are  pointed  out  as  appUcable  to  your  own 
lightning  rod  cmly ;  for  it  was  that  alone  which  I  was  inv^ti- 
gating.  Hence  I  find  that  your  first  paragraph  is  a  compound 
o{  four  pure  mistakes. 

Your  2nd  paragraph  is  of  no  import,  only  as  a  connecting 
link  between  the  firetand  third. 

Paragraph  3  contains  one  Mistake:  for  I  have  nowhere 
**  spoken  in  a  sUghting  way"  of  you;  but,  on  .the  contrary,  I 
have  always  spoken  of  you  in  die  most  handsome  manner. 
Bead  my  memoir  over  again,  and  pay  particular  attention  to 
agraphs  215,  216,  217,  anc}  also  my  letter  to  you,  dated 
ptember  12th,  1839,  page  191  of  this  volume. 
BLence  you  will  find  that,  as  a  gcmtleman,  I  have  paid  every  res<> 
pect  to  you;  but  as  to  your  experiments  performed  before  the 
Navy  Board,  &c.  you  must  necessarily  permit  that  extent  of 
criticism  which  is  allowable  on  performances  of  so  singular  a 
character ;  and  I  must  repeat  that  on  this  pointi  have  done  no 

^  See  Ust  paragraph  of  my  letter  to  yoa^  p.  192  of  this  Tolame. 
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more  than  to  place  those  experiments  in  a  proper  light,  in  order 
that  they  may  not  have  that  deceptive  influence  on  the  readers 
of  the  ^^  Annals  of  Electricity''  as  they  probably  had  on  the  Navy 
Board,  from  a  want  of  that  explanation  which,  in  my  opini<Hi, 
.you  ought  officially  to  have  given  them. 

Paragraph  4,  is  plam  enough,  and  is  a  good-  epitome  of 
some  of  mi.  Stephen  Grey's  discoveries ;  and  will,  no  doubt, 
be  very  useful  to  those  readers  who  were  not  previously  aware 
of  copper  being  a  conductor  of  electricity :  and  that  yUus  is 
an  insulator.  Further  than  this  I  cannot  perceive  any  utility 
of  paragraph  4 :  and  certainly  it  contains  nothing  applicable 
to  my  experiments.  I  think  it  may  properly  be  placed  under 
the  head  Neutral. 

Paragraph  5,  is  of  a  somewhat  curiously  complicated  cha- 
racter, it  IS  a  compound  of  mistakes^  exultation^  and  sl  desire 
to  lead  your  readers  astray.  In  this  paragraph  you  are 
attempting  to  confound  some  of  my  experiments  widi  those 
which  you  have  described  in  paragraph  6,  and  as  they  have 
<<  really  nothing  **  to  do  with  each  other,  you  are  leading  your 
readers  from  one  of  the  items  of  the  mam  subject;  and  as  I 
have  never  made  any  ^^  c/atm«  to  have '*  my  memoir  *^  consi- 
dered by  all  the  learned  societies  of  Europe  and  America,** 
you  have,  whilst  exulting,  tumbled  into  a,  what  ?  Mistake. 

In  paragraph  6,  your  statements  are  occasionally  inconsis- 
tent with  themselves,  and  even  contradictory  of  each  other. 
In  one  part  you  say,  ^*as  the  charge  accumulates  on  the  inner 
surface,  a  correspondmff  quantity  of  electricity  is  forced  off 
from  the  outer,  and  without  this  double  effect  takes  place,  we 
fiul  to  accumulate  a  chaise."  And  to  rivet  this  statement 
firmly  as  a  fact  into  our  noddles ;  and  *^  to  render  it  evident** 
to  our  senses,  you  describe  an  illustrative  experiment  under 
the  head  («)•  Now  weliave  hardly  had  time  to  see  this 
illustrative  experiment,  before  you  tell  us  it  is  all  a  deception ; 
and  that  if  we  will  read  on  through  the  lone  sentence  (f)  we 
shall  find  another  illustrative  experiment  ^^  which  is  sufficient  to 
show,  that  the  accumulated  electricity  is  never  exactly  balan^ 
ced  between  the  opposite  coatings,  &c.,*'  so  that  one  of 
these  statements  is  an  obvious  contradiction  of  the  odier. 
You  seem  to  have  some  vague  idea  respecting  the  condition 
of  a  charged  jar :  but  you  do  not  appear  to  be  aware  that  the 
electric  forces  on  the  opposite  sides  of  a  charged  jar  may 
either  be  e^iual  or  unequal  according  to  circumstances; 
I  mention  this  fact  with  no  other  view  wan  that  of  bringing 
it  to  your  notice  as  a  probable  interesting  novelty.  The 
remainder  of  article  6  is  an  acknowledgment  that  a  lateral 
spark  does  take  place,  with  an  attempt  to  give  the  phenomena 
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a  different  explanation  to  that  given  in  my  memoir:  an 
explanation  by  no  means  new  to  the  partial  experiments 
wluch  you  have  described,  but  perfectly  inapplicable  to  my 
experiments,  described  in  paragraph  202,  of  my  fourth  me- 
moir, page  176  of  this  volume. 

Paragraghs  7  and  8,  are  curious  specimens  of  your  mode  of 
reasoning  on  philosophical  subjects,  and  nothing  more. 

Paragraph  9  is  simply  an  extract  from  my  fourth  memoir. 

I  will  not  take  upon  myself  to  say  that,  in  paragraph  10,  you 
have  '^laboured  hard  to  invalidate  my  experiments,"  but  you 
must  permit  me  to  point  out  an  error  or  two  into  which  you 
have  fallen  in  your  version  of  them. 

I  have  not  said  that  '^a  spark  is  felt  at  every  discharge,"  but 
that  ^'  a  pungent  spark  would  he  felt"  if  ^^  the  knuckle  were 
to  be  presented  to  the  conducting  rod,  fcc."*  Now,  in  conse- 
quence of  this  little  mistake,  (I  hope  it  was  not  an  inten- 
tional perversion)  you  have  been  led  into  a  very  serious  error, 
by  supposing  that  my  experiments  (I  suppose  yon  mean 
results)  "could  only  be  produced  by  continuing  to  work  the 
machine  in  connexion  with  the  jar,"  during  the  time  that  the 
discharges  were  made.  If,  instead  of  taking  upon  yourself 
to  make  such  an  assertion,  you  had  condescended  to  repeat 
my  experiments,  you  would  soon  have  been  convinced  that 
there  is  no  need  of  keeping  the  machine  in  motion,  nor  any 
necessity  for  keeping  tne  jar  in  connexion  with  the  wire  con- 
ductor, in  order  to  produce  the  lateral  discharge  which  I  have 
described. 

Paragraph  11,  is  descriptive  of  experiments  which  have  no 
bearing  whatever  on  my  memoir.  The  best  epitome  of  them 
that  I  have  seen  is  given  by  Cavallo,  in  the  following  note : 
<^  If  a  charged  jar  be  insulated,  and  discharged  with  an  insu- 
lating discharging  rod,  after  the  discharge  both  the  sides  of 
the  jar,  together  with  the  discharging  rod,  will  be  found  pos- 
sessed of  the  electricity  contrary  to  the  electricity  of  that 
side  of  the  jar  which  was  touched  last  before  the  mscharge : 
which  shows  that  one  side  of  a  charged  electric  may  contain 
a  greater  quantity  of  electricity  than  that,  which  is  sufScient 
to  balance  the  contrary  electricity  of  the  opposite  side.  This 
redundant  electricity  should  be  carefully  considered  in  per- 
forming experiments  of  a  delicate  nature. 

As,  however,  you  may  possibly  wish  me  to  notice  a  few 
items  in  paragraph  11,  I  will  do  so,  and  begin  with  the  item 
(pj :  in  which  you,  with  a  very  proper  motive,  introduce 
your  unit  jar.  Take  a  friend's  advice    on  this  instrument, 

*  See  page  175  of  this  volame. 
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and  never  again  depend  on  its  indications  as  a  measurer  of 
quantiiies  of  the  electric  fluid,  for  it  happens  to  be  no  mea- 
surer of  either  quantity  or  intensity.  Let  me  endeavour  to 
show  you  why.  With  a  constant  surface  of  the  same  coated 
glass,  the  intensity  of  the  charge  is  as  the  qttantity  deposited^ 
when  the  resistance  is  constant;  but  under  no  oMer  circum- 
stance. Now  the  resistance  which  a  jar  offers  to  the 
introduction  of  new  or  succeeding  quantities,  whilst  charging, 
becomes  gradually  greater  and  greater  as  the  charge  advances, 
and  consequently  requires,  from  the  unit  jar,  a  continually 
increasing  charge  for  every  successive  spark  transmitted 
during  the  whole  process  of  charffing.  Hence,  vou  see,  that 
your  supposed  units  are  continually  varying :  and  your  jar  no 
measurer  of  electric  action.  You  migbt  have  known  this  fact 
by  placing  the  knob  of  a  jar  at  a  short  distance  from  the 
prime  conductor,  where  you  would  have  seen  that  the  sparks* 
became  less  and  less  frequent  as  the  charge  advanced. 

Items  (r)  and  (s)  are  additional  specimens  of  your  mode 
ef  reasoning ;  and  item  (t)  is  not  amiss.  The  two  latter 
evince  a  growing  propensity  to  percussion  powder,  but  by  no- 
means  any  more  appficable  in  this  investigation  than  in  your 
illustration  of  the  effects  of  lightning  on  a  ship's  mast»  by  the 
wood-«plitting  apparatus.  Your  readers  can  have  no  doubt  of 
your  bein^  eminently' successful  in  the  wood-splitting  business 
after  readmff  item  (s):  *^  whereas  in  passing  the  slightest 
spark,  it  (the  percussion  powder)  inflames  directly ;"  and 
they  must  necessarily  acknowledge,  that  nothing  less  than  the 
most  penetrating  mind  could  ever  have  assimilated  the  effects 
ef  ^*  the  slightest  spark,"*  with  those  of  a  flash  of  lightning,, 
on  a  ship's  mast. 

Paragraph  12,  is  simply  an  epitome  of  your  views  of  your 
described  experiments. 

Now  comes  paragraph  13  with  all  its  singular  misrepresen- 
tations, misinterpretations,  &C.,  but  I  will  notice  one  item  only, 
because  it  is  the  cleverest  of  the  whole,  and  because  by  means 
of  that  item  I  shall  be  enabled  to  show  you  how  easilv  you  may 
be  led  into  a  mistake.  I  will  premise,  by  acknowledging  that 
Earl  Stanhope  was  perfectly  correct  by  supposing  that  a  highly 
charged  electric  cloud  would  displace  a  portion  of  the  earth's 
electric  fluid;  and  that  b,  positively  charged  cloud  might  thus 
cause  a  track  of  country  beneath  it,  to  become  negatively  elec- 
tric ;  and  so  long  as  only  this  phenomenon  occurred,  your  inter- 
pretation would  be  perfectly  correct  also ;  and  there  would  be  no 
need  of  any  lightning  conductor,  because  no  lightning  could  pos- 
sibly happen.  But  you  know  that  lightning  does  occasionally 
happen:  and  you  ought  also  to  have  known,i  that  if  a  flash  oC 
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lightninff  from  the  supposed  cloud  Fig.  6,  Plate  VII,  were  to 
strike  the  supposed  conductor  cc,  that  neither  that  con- 
ductor nor  the  object  beside  it,  would  any  longer  be  in  the 
same  electric  condition  that  they  were  m  prior  to  the  discharge. 
The  electric  fluid  constituting  the  flash  would  no  longer  be  in 
the  cloud,  but  would  now  be  in  the  conductor  ccj  which 
would  become  highly  eUctro-positive  during  the  transit  of 
fluid  through  the  metal;  and  would  thas  cause  electro-dis- 
placements, and  consequent  electric  flashes  amongst  all  those 
vicinal  conducting  bodies  which  were  sufficiently  near  to  each 
other  to  be  within  their  respective  spheres  of  action.  Hence^ 
you  see  that  your  reasoning  only  applies  to  the  state  of  the 
clouds  and  objects  beneath  them  prior  to  the  flash  of  light- 
ning :  and  at  a  time  when  no  conductor  is  needed  :  but  my 
reasoning  applies  to  the  electric  condition  of  a  conductor 
whilst  in  the  absolute  capacity  of  transmitting  the  lightning.. 
1  hope  you  now  perceive  the  distinction ;  as  to  the  importance 
of  our  respective  views  I  must  leave  you  and  others  to  judge,. 

In  your  14th  paragraph  you  obviously  rely  a  great  deal 
more  upon  the  opinion  of  other  persons  than  upon  any 
knowleoffe  of  your  own.  I,  on  the  contrary,  do  no  such 
thing.  I  shall  always  venerate  Priestly  as  a  philosopher,  but 
I  must  speak  on  points  of  doctrine  according  to  my  own  ex- 
perience; and  although  that  eminent  electrician  did  not  ob- 
serve the  electrical  effects  of  lateral  explosions  on  vicinal 
bodies,  I,  and  others,  have  observed  them.  And  if  you  did 
not  know  of  this  fact  before,  I  should  advise  you  to  read' 
carefully  my  fifth  memoir,  which  will  very  soon  appear  in 
these  annals ;  and  afterwards  try  to  repeat  some  of  tne  expe- 
riments which  you  will  there  find  described :  and  in  the  mean 
time  you  may  read  the  Library  of  Useful  Knowledge :  and  if 
the  facts  stated  there  should  happen  to  be  *^  unfortunate  for 
your  whole  doctrine,"  I  hope  that  you  will  not  blame  me  for  it. 

Paragraph  15  declares  tnat  you  have  no  knowledge  what- 
ever of  the  •*  radiation  of  electnc  matter  from  conductors  car- 
rying the  primitive  discharge."  Here  again  I  must  crave 
your  indulgence  not  to  blame  me  for  your  not  being  acquainted 
with  this  fact  I  sincerely  wish  you  had  a  better  practical 
acquaintance  with  electrical  phenomena  than  that  which  your 
investigation  indicates,  as  it  would  have  saved  much  trouble 
in  brinffing  many  common  place  facts  to  your  notice.  Item 
(t?)  is  akin  to  item  (/>) ;  and  the  air  electro-thermometer  on  a 
par  with  the  unit  jar.  Let  me  give  you  another  piece  of 
wholesome  advice.  Never  again  trust  to  an  electro-measuring 
apparatus^  untU  you  have  first  become  well  acquainted  with 
lis  capabilities  and  the  principles  of  its  action* 
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Paragraph  16  is  a  neutral:  and  paragraph  18  is  simply  a 
short  extract:  and  paragraph  19  may  be  dismissed  under  the 
same  head. 

Paragraph  19,  though  mosf  Jy  quotations,  is  a  very  important 
paragraph,  because  it  is  made  the  basis  of  all  the  unelectrie 
matter  of  all  the  succeeding  paragraphs  in  the  investigation  : 
and  I  am  very  glad  that  I  am  so  near  the  end  of  it^  for 
I  am  heartily  tired  of  wading  through  such  a  mass  of 
material  as  your  investigation  as  composed  •  of.  Now, 
Sir,  this  unfortunately  mischievous  word  infinitely^  has  given 
you  a  great  deal  of  unnecessary  trouble,  for  which  I  am 
exceedingly  sorry.  Had  I  said  immensely  instead  of  infinitely ^ 
I  should  have  been  more  correct,  and  you  would  have  had 
less  trouble. 

I  do  not  find  any  thing  further  in  your  investigation  except- 
ing some  trifling  unelectro-invective,  which  I  have  neither 
time  nor  inclination  to  notice.  I  sincerely  wish  you  had  been 
more  serious  and  more  scientific  in  your  investigation^  as  it 
would  then  have  been  a  pleasure  to  reason  with  you,  and  point 
out  many  other  facts  which  bear  upon  the  great  question  at 
issue. 

/  aw,  dear  Sir, 

Yours  very  truly, 

WILLIAM  STURGEON. 
To  W.  Snow  Harris,  Esq. 
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LiXV. — On  the  Connection  between  Electricity  and  Vegetation^ 
By  Thomas  Pine,  Esq.  (Resumed  from  page  253.) 

If  the  ak  in  a  state  of  purity  imparts  a  strong  electric 
excitement  to  the  embrios  of  plants,  and  thus  produces  a 
commencing  movement  in  the  vegetable  juices,  no  sooner  is 
the  germ  beginning  to  open  than  it  craves  the  influence  of 
vapours  to  maintain  its  mcreasing  vitality,  and  promote  its 
growth.  Accordingly  it  is  endowed  with  powerftd  conducting 
qualities  in  its  structure  and  functions  suited  to  the  new  element 
on  which  it  has  to  act«  The  low  springing  herb,  and  the 
shooting  and  slightly  expanding  leaf  of  every  description  are 
now  offered  to  our  notice^  For  the  fixed,  rigid,  texture  of  the 
seed  and  bud,  is  substituted  the  Uthe,  elongated,  but  acutely 
edged  and  pointed,  form  of  the  leaf,  waving  with  every  breeze, 
as  if  to  catch  and  appropriate  to  its  use  every  approaching 
vapour.  These  most  intense  attraetors  of  electricity  find  it  in 
the  atmospheres  of  vapours  as  they  gradually  condense  into 
the  liquid  state^  In  nouing  is  it  more  conspicuous  than  in  the 
action  of  the  tender  herd  upon  the  morning  dew.  The  creeping 
secies  are  the  most  remarkable  for  this  quality,  as  they  receive 
their  watering  in  a  great  degree,  particularly  on  fine  summer 
mornings,  firom  the  dew  which  then  appears  to  arise  firom  the 
Vol.  IV.— .No.  24,  ^nily  1840.    .  F  F 
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soil  and  to  undergo  a  condensation  firom  the  attraction  of  the 
young  leaves,  aided  probably  by  the  cold  produced  by  the 
evaporation.  The  down  of  the  leaf,  distinctly  discemable  only 
by  the  microscope,  is  in  this  case  the  principle  organ  of  attrac- 
tion, of  which  that  of  the  strawberry ^  affords  one  of  the  most 
remarkable  specimens.  When  in  its  growing  state,  its  fine 
needlesy  placed  at  convenient  distances  from  each  other,  ex- 
hibit at  each  point  a  transparent  globule  at  a  considerable  dis- 
tance from  the  surface  of  the  leaf. 

The  same  effect  is  observable  as  the  general  attendant  of  the 
settling  of  dew  on  the  herbage,  and  on  the  early  shooting  of 
plants.     Observing  the  dew  on  some  herbs  on  which  no  down 
was  apparent  to  the  naked  eye,  I  found  on  a  minute  microscopic 
inspection,  that  points  of  extreme  tenuity  were  the  agents  in 
producing  the  watery  effiision.      This  agency  is  peculiarly 
conspicuous  in  the  vegetable  marrow^  the  stem  and  leaver  of 
which  are  every  where  bristling  with  fibrils,  to  whose  acute 
extremities  the  globules  attach.    A  beautifid  display  of  the 
principle  appears  in  the  herb  called  alpine  wall  cress ;  the 
leaves  of  which  are  ftimished  with  innumerable  stems  perpen- 
dicular to  either  surface,  and  branching  out  into  four  needles 
after  the  manner  of  our  metallic  protectors ;  at  every  point  of 
which  a  globule  attaches,  while  a  larger  globule  is  formed  tl 
their  common  centre.     What  but  tiiat  peculiarly  energetic 
property  of  electric  attraction  with  which  all  vegetating  points 
are  endowed,  can  have  operated  to  produce  this  effect  ?    The 
condensing  vapour  exudes  its  latent  imponderable  fluid,  which, 
entering  the  pores  of  the  leaf,  leaves  a  portion  of  water  in  the 
liquid  state  upon  its  surface ;  while  a  larger  portion  probablj 
descends  more  completely  deprived  of  its  electric  matter  to 
the  roots ;  thus  fiumishing  an  opportunity  for  its  action  from 
above  in  causing  the  absorption  of  the  liquid  forming  the 
materials  of  the  sap,  through  the  exquisitely  minute  channels 
of  the  stem,  from  the  innumerable  storms  at  the  ramifying 
extremities !     A  powerfiil  attraction  is  thus  manifested  by  each 
minute  vegetable  point  for  the  floating  vapours,  which,  operating 
in  conjuction  with  a  low  temperature  deprives  them  of  their 
gaseous  caloric,  and  reduces  them  to  their  liquid  state.   These 
points  being  exquisite  conductors  of  electricity,  .and  acting 
with  peculiar  energy,  as  such,  upon  the  clouds  and  vapours  of  the 
atmosphere  and  at  considerable  distances,  can  it  be  questioned 
that  this  is  the  species  of  attraction  tiiat  they  have  exerted  in 
condensing  the  vapour,  and  attaching  the  Uquid  water  to  their 
extren^ties ;  that  a  portion  of  the  subtile  fluid  haB  been  imbibed 
by  the  leaf,  and  through  the  channels  of  the  wood,  which 
from  their  extreme  minutenes3  may  be  considered  as  so  many 
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iubmlated  points*  hj  which  the  electric  influence  is  acting 
with  the  greatest  possible  efficacy  on  the  rising  sap.  It  is 
thus  made  to  mount  and  spread,  and  impart  vital  energy  and 
expansion  to  the  whole  plant  The  same  principle  which 
acting  firom  the  pure  air  produces  a  first  vegetable  excitement 
on  the  preparea  materials  of  the  seeds  and  buds,  and  the 
commencing  shoots,  and  which  so  evidently  operates  in  pro- 
portion as  it  is  increased  by  natural  or  artificial  means  in 
IH^>moting  this  result,  is  now  administered  in  much  larger 
quantities  through  points  of  far  greater  number  and  efficacy, 
and  conveys  with  it  one  of  the  most  essential  ingredients  of 
nutrition;  and  thus  the  source  of  increasing  vitality  and  an 
essential  material  of  growth  and  vigour  are  fiunished  by  the 
same  process. 

By  a  similar  process,  the  loftier  plants  and  more  advanced 
vegetation  receive  a  like  vitalizing  and  nutritive  influence 
fit)m  the  clouds  and  vapours.  The  upper  branches  and  spread- 
ing ramifications  of  the  trees  must  act  with  great  energy,  and 
with  little  interruption  fiom  any  contiguous  bodies,  on  the 
clouded  atmosphere  which  forms  around  them  with  eveiy 
approaching  shower.  They  are  well  known  to  be  strong 
attracters  of  clouds ;  and  it  has  been  observed,  that  in  insular 
or  detached  situations  in  which  a  few  trees  form  the  sole 
attracters,  the  atmosphere  of  vapour  is  in  a  great  degree 
confined  to  their  summits,  and  they  have  been  described  as  so 
many  "alembics**  firom  whose  leaves  water  is  continually 
"distilled,"  and  that  "in  some  of  the  smaller  islands  of  the 
West  Indies,  where  there  are  no  rivers  or  springs,  the  people 
are  supplied  with  water  merely  by  the  dripping  of  large  tall 
trees,  which,  standing  in  the  bosom  of  a  mountain,  keep  their 
heads  constantly  inveloped  in  fogs  and  clouds,  firom  whence 
they  dispense  tiieir  kindly  never-ceasing  moisture.*'t  But  as 
I  am  acquainted  with  no  (acts  which  so  distinctly  manifest  the 


•  Though  iuhe$  cannot  in  strictoess  he  poinU,  jet  ts  these  nataral  tuhet 
bored  by  the  di? ine  hand  with  a  minuteness  preciftelj  adapting  them  for  the 
ietion  of  a  fluid  which  was  ascertained  by  the  numerous  experiments  of  the 
Abb<^  Nollet,  to  promote  the  flow  of  liquids  through  tubes,  in  degrees  increas- 
ing with  their  minuteness,  and  as  they  approach  by  many  degrees  nearer  to 
physical  points  than  any  that  can  be  discerned  by  our  unaided  fision,  I  hare 
«sed  the  abofe  expression  the  more  eflectually  to  conrey  an  idea  of  their 
conducting  power.  And  when  it  is  considered  that  the  solid  matter  through 
which  they  are  bored  is  a  complete  lum^canduclor,  contining  the  action  of  tha 
electricity  entirely  to  the  liquids  contained  in  the  tubes,  they  must,  I  think, 
be  seen  to  be  performing  tiie  functions  of  exquisite  dectrietil  points  in  pro- 
moting the  risd^and  flow  of  the  TegeUble  juices. 

f  White's  **  Natural  History  of  Selborn." 
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agency  of  plants  in  depriving  vapour  of  electricity,  as  those 
which  appear  in  several  experiments  made  by  J^  Williams,  Esq. 
as  related  by  him  in  his  ^^  Climate  of  Great  Britain,"  I  shall 
extract  the  particulars  from  his  valuable  work,  to  be  inserted 
if  it  be  thought  reouisite  for  the  convenience  of  your  readers^ 
as  an  appendU  to  tnese  remarks. 

It  is  easy  to  see  that  several  important  consequences,  highly 
]|>eneficiai  to  the  animal  as  well  as  the  vegetable  system,  must 
result  from  this  arrangement.  The  attraction  of  the  leaves 
must  operate  to  produce  the  condensation  of  the  vapours,  at 
much  higher  temperatures,  and  in  a  more  gentle  and  bene-^ 
ficial  manner  than  could  be  effected  by  the  mere  action  of 
cold;  and  as  large  quantities  of  the  subtile  fluid  are  thus 
gradually  imbibed  into  the  substance  of  plants,  and  in  part 
transmitted  to  the  earth,  injurious  accumulations  of  it  in  the 
attnosphere  are  averted.  I  conceive  that  in  the  absence  of 
plants  when  there  could  be  no  cause  of  the  condensation  of 
vapours,  except  a  low  temperature,  and  were  considerable 

Suantities  of  aqueous  gas  actuallv  formed  in  the  atmosphere, 
tie  result  must  be,  that  no  condensation  would  be  effected 
till  the  cold  had  become  extreme,  when  there  would  be  a 
sudden  immense  percipitation  of  vapour,  and  its  gaseous 
caloric  bemg  as  suddenly  set  loose,  a  portion  of  it  would 
rapidly  combine  with  the  particles  of  an*,  thus  heating  and 
rarif^mg  it  to  an  extraordmary  degree,  and  another  portion 
remaining  in  a  state  of  separation  from  any  gravitating  matter 
would  exhibit  electrical  phoenomena  in  degrees  which  must 
greatly  disturb  the  harmony  of  nature,  and  produce  the 
most  disastrous  effects.  There  are  some  neglected  or  unpro- 
ductive diBtricts  "where  an  approach  toward  tiiis  condition  of 
the  elements  has  been  experienced,  of  which  I  find  the  follow- 
ing general  description.  *'  In  countries  which  are  uncultivated 
the  weatker  is  generally  in  extremes.  Rain  when  it  falls 
lakes  thQ  form  of  an  overwhelming  flood,  not  gentiy  entering 
and  moistening  the  soil,  but  rushing  along  the  surface,  tearing 
up  one  place»  strewing  another  with  debris^  and  reducing 
both  to  a  state  of  indiscriminate  ruin ;  while  scarcely  has  the 
flood  gone  by,  when  the  returning  heat  evaporates  the  littie 
moisture  which  is  left  behind,,  and  bums-up  the  coarse  and 
scanty  vegetation  which  the  nuns  have  fostered.**  Of  the 
salutary  change  from  qucU  a  state  to  one  in  which  the  extremes 
of  cold  and  heat,  of  moisture  and  dryness,  have  been  greatiy 
mitigated  with  the  progress,  of  eulti^atipn,  an  example  is 
alleged  from  the  eentral  part  of  Scotiand.*    No  particular 

^"XUJrtri*  i>i  Uwftil  Kftpwledje"    Vol.  XR.  .Part  J.,  pp.  2^  ^    TU 
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ttotice  is  here  taken  of  Ibe  electrical  phcBnomena  attendant 
upon  the  other  extremes,  nor  on  the  effects  produced  hj  an 
improved  vegetation  in  softening  their  character ;  but  it  is 
well  known,  that  intense  heats  and  sudden  depositions  of 
water  are  the  ordinary  precursors  and  attendimts  of  strokes 
of  lightning.  One  of  the  heaviest  and  most  sudden  sheets 
of  rain  that  has  fallen  under  mv  observation,  and  indc^  I 
^nk  it  considerably  exceeded  any  that  I  had  previously 
experienced,  was  accompanied  with  a  stUI  more  extraordinary 
display  of  lightning,  the  fluid  fljrin^  with  zig-zag  course 
incessantly  in  all  directions,  and  occasionally  sweeping  round 
and  exhibiting  to  view  the  whole  black  concave  whence  it 
issued  I — Storms  and  hurricanes  are  very  much  the  attendants 
of  a  partial  and  irregular  distribution  of  pl&nls,  such  as  is 
incident  to  uncultivated  spots,*  and  in  high  latitudes  where 
there  is  a  large  effusion  of  the  solar  beams; — ^but  more 
especially  over  small,  rich,  cultivated  clumps  in  islands  sur- 
rounded by  the  ocean.  The  heavy  accumulations  of  cloudsf 
and  rains  on  those  si)ots,  particularlv  when  the  winds  set  in  a 
corresponding  direction,  are  the  well  known  accompan^rments 
of  those  terrific  electrical  discharges  which  are  occasionally 
'  witnessed  in  the  islands  of  the  western  ocean.  Since  the 
temperature  in  those  latitudes  is  seldom  sufficiently  reduced 
to  be  of  much  aviul  in  the  condensing  process,  the  attraction 
of  lofty  and  luxurient  trees  is  almost  the  sole  instrument  in 
producing  the  effect,  and  the  immense  quantities  of  caloric 
which  are  abstracted  by  evaporation  from  the  ocean 
and  plants  united  are  concentrated  on  the  devoted  spots; 
the  consequences  are  those  prodigious  discharges  of  water, 


particalan  of  this  change  are  as  follows ;  **  Withio  the  experience  of  persons 
still  living,  the  snow  which  in  that  country  began  to  fall  in  November,  was 
tiot  whoUy  gone  until  the  month  of  April  $  while  in  the  middle  of  Summer 
the  heat  was  so  excessive,  that  agricaltural  laboarers  were  obliged  so  suspend 
their  tcnl  during  four  or  five  hours  in  the  middle  of  the  day.  At  that  time 
the  autumnal  rains  frequently  descended  with  so  much  violence,  that  the 
crops  which  had  been  retarded  by  the  coldness  of  the  spring,  were  prevented 
from  ripening  in  the  high  grounds,  were  lodged  and  rotted  in  the  lands  that 
were  lower,  and  swept  away  by  the  swelling  of  the  streftms  over  the  holms 
and  meadows.  In  the  same  spots  at  the  present  day,  the  Quantity  of  snow 
which  usually  falls  during  the  winter,  is  compai^tiveiy  small,  ^ppetn  rarely 
before  Christmas,  and  is  gone  in  February  or  early  in  Ifarch.  The  summer 
heat  is  more  uniformly  dutributed,  seldom  amounting  to  a  degree  oppressive 
to  the  labourer,  or  protracted  to  a  term  injurious  to  the  crops,  while  the 
rain  which  follows  is  neither  so  violent  in  degree,  nor  so  long  continued,  and 
happening  when  the  ffrain  is  far  advanced  toward  ripeness,  the  ii^ury  which 
it  does  is  comparaUvely  trifling.'*    ibid*  pp.  8, 4. 

*  Auttrmlia  is  one  of  the  uncultivated  spots  instanced  under  the  above 
general  description. 
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of  heat,    and  of  electricity   which,  are  incident  to   those 
islands. 

The  co-operation  of  cold  and  of  vegetation,  in  producing 
the  condensation  of  vapours,  or  rather  perhaps  their  respec- 
tive effects  in  the  absence  of  each  other,  forms  of  itself  a 
curious  and  interesting  subject  of  inquiry  ?  When  the  sun's 
rays  are  so  few  and  inefficient  as  to  leave  the  ordinary  tem- 
perature of  the  atmosphere  considerably  below  the  point  at 
which  vapour  is  transformed  into  water,  they  rarely  if  ever 
produce  any  electrical  effects  upon,  or  very  near,  the  earth's 
ftorface.  fiut  when  the  temperature  advances  considerably 
above  that  point,  there  appears  to  be  no  other  means  of 
counteracting  their  tendency  to  float  loosely  in  the  atmosphere, 
and  appear  in  the  form  of  electricity  in  degrees  which  must 

J)rove  highly  injurious,  but  by  their  uniting  with  water  in  the 
brm  of  vapour.  This  they  do  in  the  first  instance  from  the 
ocean,  seas,  and  rivers;  but  as  they  accumulate  over  par- 
ticular spots,  the  agency  of  plants  becomes  more  and  more 
necessary  in  aiding  the  process,  and  in  so  appropriating  and 
disposing  of  the  vapours  as  to  render  them  most  effective  both 
in  carrym^  forward  their  own  progressive  advancement,  and 
in  protectmg  animals  against  the  effect  of  extreme  heat  and 
pernicious  accumulations  of  electricity.  But  a  better  oppor- 
tunity will  be  afforded  of  treating  of  this  subject  in  reviewing 
the  state  of  vegetation  in  its  most  advanced  stages. 

It  may  deserve  consideration  how  far  the  carbonic  acid 
operates  as  a  mean  of  exalting  the  conducting  efficacy  of 
plants,  since  they  appear  to  live  and  thrive  in  proportion  as  a 
sufficient  supply  of  this  acid  in  its  combination  with  water,  ia 
furnished  to  the  roots.  A  sprig  of  mint,  though  peculiarly 
adapted  to  live  and  strike  root  in  water,  slightly  imprecated 
with  this  gas,  will  speedily  wither  in  water  from  which  all 
access  of  this  gas  is  excluded.  If  I  might  be  allowed  to 
conclude  this  paper  with  a  conjecture  concerning  the  superior 
conductinff  efficacy  of  vegetable  points  above  those  of  metals 
and  all  other  substances,  and  that  notwithstanding  the  strong 
non-conducting  property  of  their  solids,  it  shoidd  be  by  a 
reference  to  ue  expansive  nature  of  all  growing  substances, 
in  which  they  greatly  exceed  even  metals,  together  with  the 
quantity  of  oxygen  which  is  convened  by  means  of  the  acid 
and  water  to  the  positive  electricity  from  the  upper  extre- 
mities of  the  plant,  while  the  remaining  elements  of  carbon 
and  hydrogen  under  the  influence  of  negative  electricity, 
combine  to  form  the  larger  portion  of  the  materials  of  the 
produce.  The  solid  portion  of  the  leaves  is  I  believe  known 
to  be  principally  composed  of  those  two  elements,  and  dior 
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attraction  for  the  carbonic  acid  from  the  atmosphere,  when  it 
is  decomposed,  and  jrields  pare  oxygen  (;as  under  the  influ- 
ence of  the  sun's  rays,  while  the  carbon  is  retained,  strongly 
favours  the  conclusion ;  and  the  ripening  process  of  fruits, 
which  seems  to  be  in  a  great  degree  effected  by  the  extraction 
of  oxygen  from  their  juices  under  the  same  influence,  allowing 
those  rays,  to  be  positively  electrical,  tends  to  its  confirma- 
'  tion.  Hydrogen  seems  to  be  a  promoter  of  the  green  colour 
of  the  leaves,  as  plants  confined  in  this  gas  improve  in  green- 
ness, and  the  (tiscovery  of  the  decomposition  of  water  in 
vegetation  by  Mr.  Weeks,  enables  us  to  perceive  that 
hydrogen  is  supplied  to  plants  from  water,  no  less  certainly 
than  carbon  from  the  carbonic  acid.  I  apprehend  that  elec-' 
tricity  will  be  Idlowed  to  be  an  essential  a^ent  in  producing 
these  decompositions.  We  are  here  reminded  of  a  statement 
of  Dr.  Darwin,  that  **the  production  of  oxygen  gas  from 
green  leaves,  and  other  green  vegetable  matter  is  probably 
owing  to  the  decomposition  of  the  water  perspired  by  the 
plant,  and  as  the  oxygen  may  be  expanded  into  gas  by  the 
Bun's  light,  the  hydrogen  may  be  detained  in  the  pores  of  the 
Tegetables.  Hence  plants  growing  in  the  shade  are  white, 
and  become  green  by  being  exposed  to  the  sun's  light,  for 
their  natural  colour  being  blue,  the  addition  of  hydrogen  adds 
yellow  to  the  blue,  and  iums  them  green."  It  does  indeed 
aeem  to  be  highly  probable  that  as  carbon  and  hydrogen, 
when  separated  from  oxygen  as  they  probably  are  in  the  most 
perfect  manner  in  the  leaves  of  plants,  by  the  potent  agency 
to  which  they  are  exposed  from  the  solar  rays,  should  unite 
in  forming  the  substance  and  colour  of  the  leaf.  And  to 
what  but  electricity  or  galvanism  can  we  ascribe  this  twofold 
decomposition  and  recomposition  in  the  production  of  the 
substance  and  beautiful  compound  colour  which  distinguishes 
the  vegetable  kingdom ! 

From  Mr.  Williams'  «  Climate  of  Great  Britain^*'  with 
Remarks. 

His  chapter  on  "the  power  of  Vegitables  to  deprive  Vapour 
of  its  Electricity,"  &c.  abounds  in  evidence  of  the  principles 
we  are  maintaining;  but  as  his  views  in  several  respects  do 
not  coincide  with  the  objects  for  which  they  are  here  adduced, 
I  shall  accompany  the  extracts  with  such  observations  as  may 
throw  some  further  light  upon  their  principles. — He  says  p.  63 
that  "he  was  principi^y  led  to  the  consideration  of  this  pro- 
perty in  vegetables  by  remarkbg  the  drops  of  water  on  the 
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edges  and  angular  points  of  the  leaves  of  grass  about  sun- 
setting,  before  any  general  precipitation  of  nocturnal  dew 
was  perceptable ;  and  from  observing  that  trees  and  hedges 
occasionea  a  precipitation  of  fog,  when  attended  with  a  gentle 
windf  but  not  in  a  calm. — *<Thb  important  fact''  he  had 
"repeadedly  verified"  by  the  use  of  the  electroscope.  "  Upon 
the  15th  and  l6th  days  of  September,  1805,''  he  writes  ^there 
was  a  very  dense  fog.  On  the  morning  of  the  15th  it  was 
attended  with  a  perfect  calm :  the  trees  and  hedges  being 
loaded  with  dew;  but  no  precipitation  of  the  fog^  and 
the  electricity  strongly  positive;  at  eight  A.M.  it  b^an  to 
clear  away ;  and  at  ten  A.  M.  the  sun  ^one  bright,  and  the 
day  was  tolerably  fair.  On  the  following  morning  the  fog 
was  equally  dense ;  but  about  seven  A.  M  a  gentle  wind 
arose  from  the  south,  which  brii^^g  new  particles  of 
vapour  within  the  conducting  influence  of  trees  and  hedges, 
occasioned  a  copious  fall  of  vapour  from  their  leaves  and 
small  branches,  but  no  general  precipitation  occurred."  In 
general  be  observes  that  "if  the  electroscope  shows  signs  of 
electricity  it  ceases  to  do  so  when  brought  within  six  or  ten 
feet  of  a  tree,  or  hedge,  owing  to  the  power  these  possess  of 
drawing  off  the  electricity  of  the  vapour  which  comes  within 
the  power  of  attraction."  This  power  may  be  rather  refera- 
ble to  the  general  electricity  of  the  atmosi)here  than  of  the 
vapours  which  are  diffused  through  it,  especially  if  no  vapours 
are  visible,  since  it  may  be  Questioned  whether  in  a  partially 
condensed  state,  or  on  their  naving  been  recently  condensed 
by  the  conducting  agency  of  plrats  a  larger  portion  of  the 
fluid  may  not  float  for  a  time  in  their  vicinity  than  in  situations 
in  which  the  vapours  remain  in  a  state  of  transparent  gas 
having  no  electrical  atmosphere  around  them.  But  on  the 
experiments  on  fogs  we  see  a  clear  exemplification  of  the 
agency  of  vegitation,  especially  when  assisted  by  winds,  in 
causing  the  condensation  of  vapours  to  their  liquid  state  at 
temperatures  in  which  in  its  absence  they  would  remain 
pattially  condensed  yet  floating  in  the  atmosphere.  It  must 
also  assist  in  causing  a  farther  precipitation  by  keeping  the 
temperature  comparatively  low  in  consequence  of  the  quanti- 
ties of  the  fluid  it  imbibes,  and  which  would  were  the  whole  of 
what  formed  the  caloric  of  vapour  diffused  through  the 
atmosphere  raise  it  to  a  temperature  that  would  operate  to 
prevent  the  process  of  precipitation  from  proceedmg.  la 
like  manner  it  must  avert  dangerous  accumulations  of  elec- 
tricity,  for  a  portion  only  of  the  fluid  which  is  set  loose  by  the 
previous  cold,  entering  into  combination  with  the  particles  of 
air,  the  remaining  portion  must  float  in  an  uncombined  elec* 
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trical  state,  and  animal  life  unprotected  by  the  conducting 
agency  of  plants  must  be  exposed  to  frequent  attacks.  What 
are  the  pestilential  simoons  of  Arabia,  but  electric  matter 
bursting  from  an  atmosphere  already  charged  with  it,  and 
which  miding  no  medium  of  conyeyance  or  opportunity  of 
distribution,  but  through  the  bodies  of  animals  tnus  exposed 
to  its  influence,  produces  effects  upon  the  frame  equaUmg  or 
exceeding  that  of  a  powerful  galvanic  battery. 

The  following  beautiful  experiment  clearly  shews  the  exis- 
tence of  an  electric  atmosphere  aronnd  the  surface  of  vapour 
as  it  condences  by  cooling,  and  that  it  is  attracted  and  absor- 
bed by  the  leaves  of  plants.  "To  the  cap  of  a  gold-leaf 
electroscope,  I  aflBixed  a  horizontal  support  for  a  candle, 
which  projected  two  feet  from  the  cw  of  the  instrument 
l^aced  near  the  edge  of  a  table ;  on  the  floor  immediately 
oebw  was  an  eathem  vessel  containing  hot  water  about  one 
indi  in  depth ;  the  candle  being  light^,  two  or  three  red  hot 
embers  were  dropped  into  the  vessel  of  water,  which  instantly 
raised  a  sudden  cloud  of  vapour;  the  electricity  of  this  being 
collected  by  the  candle  connected  with  the  dectroscope,  Ae 
ffold  leaf  opened  suddenly  and  struck  the  sides  positively. 
Some  branches  of  trees  with  theur  foliage  were  now  placed 
between  the  vessel  on  the  floor  and  the  candle ;  the  expjeri- 
ment  being  repeated  the  vapour  passed  through  tiie  interstices 
of  the  boughs  but  the  electroscope  opened  only  half  an  inch ; 
more  boughs  were  now  added  and  slightly  sprinkled  with 
water  to  increase  their  conducting  power,  the  experiment  was 
again  repeauted ;  a  great  part  of  Uie  vapour  still  made  its  way 
tbroudb  the  interstices  of  the  leaves  and  branches,  but  so 
comp&tely  deprived  of  its  electricity  that  the  gold  leaf  did 
not  diverge  in  the  smallest  degree/ — ^pp.  73,74— the  effect  of 
the  sprinkling  of  the  water  was  probably  to  aid  a  little  in  the 
condensation  by  its  cooling  influence,  and  thus  to  add  rather 
to  the  quantity  of  electrict  matter  discharged  than  by  its  far 
inferior  conducting  agency  to  that  of  livmg  leaves  to  aid^  in 
its  removal.  The  great  efficacy  of  the  leaves  in  absorbing 
the  fluid  is  thus  rendered  strikingly  apparent ;  the  continu- 
ance of  a  great  portion  of  the  vapour  in  an  uncondensed  state 
must  have  been  the  consequent  of  the  raised  temperature ; 
in  nature  temperature  and  vegitable  attraction  are  often  so 
admirably  arranged  that  the  vapour  disappears,  and  a  clear> 
mild,  and  moderately  electrified  atmospnere  b  the  frequent 
result  of  their  cooperation. 
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On  the  several  species  of  vapours. 

It  may  not  be  improper  here  to  observe  that  there  appears 
to  be  a  threefold  provision  in  nature  for  the  irrigation  of  plants 
of  different  magnitudes  and  under  different  circumstances.  Hie 
clouds  which  sail  aloft  are  the  evident  result  of  the  action  of 
the  solar  beams  upon  the  waters ;  and  these  are  much  devo- 
ted  to  the  larger  and  loftier  vegetation.  After  a  drying  day 
the  creeping  species  and  the  forming  shoots  of  plants  require 
immediate  moisture,  and  it  accumulates  upon  them  in  the 
absence  of  the  sun  in  the  form  of  dews,  the  .sources  of  which 
have  been  differently  ascribed  either  to  a  concentration  of  the 
eooling  atmosphere,  or  to  a  rise  of  vapour  from  the  soil  in  a 
similar  state  of  cooling.  My  own  observations  by  glasses 
inverted  upon  the  soil  during  the  nigbt  season  have  been 
altogether  in  favour  of  the  latter  conclusion.  They  are  uni- 
formly wetted  internally  in  quantities  proportioned  to  the  dew 
which  appears  upon  the  berbi^e,  and  its  disappearance  is  accom- 
panied with  that  of  the  wetness  in  the  glasses  even  though  they 
remain  inverted  on  the  soil.  It  is  indeed  a  curious  circum- 
stance which  I  have  proved  by  repeated  observations  that  in 
a  clear  still  atmosphere  in  the  sun's  absence  when  dew  is 
forming,  a  corresponding  wetness  appears  on  the  internal  sur- 
face of  any  vessel  whether  of  glass  or  earthenware  which  is 
inverted  on  the  soil ;  and  on  the  other  hand  when  there  is  an 
opposite  tendency  in  the  atmosphere,  when  it  inclines  to  the 
formation  of  clouds  and  rain,  an  opjposite  effect  will  appear  in 
the  inverted  vessel,  no  moisture  wUl  arise  in  it  from  the  soil, 
and  if  any  had  been  previously  formed  in  it,  or  is  ptroduced, 
as  by  breathing,  it  will  presently  disappear.  Are  not  thess 
phsenomena  ascribable  to  variations  in  tne  relative  electricity  in 
the  soil  and  the  atmosphere,  co-operating  probably  with  cor^ 
responding  changes  of  temperature  ?  In  the  sun's  absence 
no  evaporation  proceeds  from  plants,  the  atmosphere  cools  and 
becomes  less  impregnated  with  electric  matter,  the  soil  retains 
a  larger  proportion  of  warmth  and  electricity  it  had  imbibed  in 
the  preceding  day,  than  the  atmosphere  and  the  moisture 
whicn  by  the  sun's  rajrs  is  drawn  through  the  leaves,  remaining 
also  in  the  soil,  combines  with  the  warmth  and  electricity  to 
form  a  rising  vapour ;  the  evaporation  produces  a  coolness  on 
the  surface  of  the  ground,  which  co-operating  with  the  strong 
attraction  of  the  young  and  almost  exhausted  germs  and  herb- 
age condences  the  vapour,  and  thus  a  seasonable  supply  of 
ebctricity  and  moisture  with  an  improved  temperature  is  ad- 
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minisiered  to  these  minute  and  tender  productions.  Thiv 
appears  to  be  the  case  when  the  atmosphere  clears  in  the  sun's 
absence  and  a  transparent  skv  is  seen,  the  particles  of  dectri- 
city  and  of  moisture  mits  combioinff  into  pure  aqueous  gas,  and 
leaving  it  in  a  dry  and  comparative^  negative  state ;  but  when 
an  opposite  tendency  prevails  and  the  atmosphere  becomes  suf- 
fused with  clouds  and  vapours,  the  caloric  and  electricity  of  these 
vapours  being  released  from  an  opposite  rel^on  to  the  soil 
which  is  now  comparativelv  cool  and  negatively  electrical, 
and  consequently  in  a  condition  to  absorb  the  moisture  and 
electncity  of  the  condensing  vapour.  This  condition  of  the 
soil  imparts  a  corresponding  state  to  the  plants  which  extends 
to  their  upper  extremities,  and  hence  a  general  disposition 
both  in  the  soil  and  plants  to  imbibe  the  combined  vitality  and 
nutriment  which  is  thus  imparted  to  them. 

Fogs  appear  to  have  a  somewhat  different  origin  from 
either  clouds  or  dews.  They  are  chiefly  prevalent  in  the 
winter  and  late  autumn  seasons  ;  and  seem  to  result  from  a 
condensation  in  the  lower  regions  of  the  atmosphere  by  ^ 
action  of  cold  in  the  sun's  absence,  or  in  part  from  the  imper- 
fect action  of  his  few  and  languid  rays  in  raising  vapour  from 
a  previously  moistened  soil.  The  plants  then  in  a  state  of 
vevetadon  being  evei^een  shrubs  and  quickset  hedges, 
dtiiefly,  the  moisture  attaches  to  them  in  large  quantities,  and 
seems  to  fumidi  them  with  a  supply  of  nutriment  in  its 
imion  with  electric  matter  that  greatly  conduces  to  their  sup- 
port and  progress,  at  seasons  when  the  more  active  species 
are  nearly  dormant. 

LXVI.  Extract  from  the  Instructions  Jbr  the  Scientific 
Expedition  to  the  Antarctic  Regions,  prepared  by  the  Pre^ 
ddent  and  Council  of  the  Royal  Society*. 

PHYSICS  AND  METEOROLOGY. 

The  council  of  the  royal  society  are  very  strongly  impres- 
sed with  the  number  and  importance  of  the  desiderata  in 


*  The  President  and  Council  having  been  informed  by  the  Lords  Commit- 
fioners  of  the  Admiralty  that  it  had  been  determined,  in  conformity  with 
their  recommendation,  to  send  oat  captain  James  C.  Ross  on  an  Antarctic 
Expedition  for  teientific  objects,  and  having  been  requested  to  comma nicat* 
an?  soggesUons  apon  subjects  to  which  they  might  wish  his  attention  to  b*. 
called,  referred  the  consideration  of  each  to  distinct  Committees,  namely^ 
tlioie  of  Physics,  Meteorology,  Geology,  Botany,  and  Zoology,  the  resalt  of 
whoae  iaboon  is  the  Report  n^  which  the  aborc  is  an  extract— Ed. 
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physical  and  meteorological  science,  vhich  may  wholly  or  in 
part  be  supplied  by  observations  made  under  such  highly 
UYOurable  and  encouraging  circumstances  as  those  afforaed 
by  the  liberality  of  her  majesty's  government  on  this  occasion. 
While  they  wish  therefore  to  omit  nothing  in  their  enumera^- 
tion  of  those  objects  which  appear  to  them  deserving  of 
attentive  inquiry  on  sound  scientific  grounds,  and  from  which* 
consequences  may  be  drawn  of  real  importance,  either  for  the 
settlement  of  disputed  questions,  or  for  the  advancement  of 
knowledge  in  any  of  its  branches,^>-they  deem  it  equally  their 
duty  to  omit  or  pass  lightly  over  several  points  which,  although 
not  without  a  certain  degree  of  interest,  may  yet  be  regarded 
in  the  present  state  of  science  rather  as  matters  of  abstract 
curiosity  than  as  affording  data  for  strict  reasoning ;  as  well  at 
others,  which  may  be  equally  well  or  better  elucidated  by 
inquiries  instituted  at  home  and  at  leasure. 

Terrbstbial  Maonbtism. 

The  subject  of  most  importance,  beyond  all  question,  to 
which  the  attention  of  Captain  James  Clark  Ross  and  hii 
officers  can  be  turned, — ana  that  which  must  be  considered  as, 
in  an  emphatic  manner,  the  great  scientific  object  of 
the  expedition, — ^is  that  of  Terrestrial  Magnetism ;  and  this 
will  be  considered :  1st,  as  regards  those  accessions  to  our 
i^nowledge  which  may  be  supplied  by  observations  to  be  made 
during  the  progress  of  the  expedition,  independently  of  any 
concert  with  or  co-operation  of  other  observers ;  and  2ndly,  as 
regards  those  which  depend  on  and  require  such  concert;  and 
are  therefore  to  be  considered  with  reference  to  the  observationi 
about  to  be  carried  on  simultaneously  in  the  fixed  magnetic  ob- 
servatories, ordered  to  be  established  by  Her  Miyestv's 
(jovemment  with  this  especial  view,  and  in  the  other  similar 
observatories,  both  pubhc  and  private,  in  Europe,  India,  and 
elsewhere^  with  which  it  is  intended  to  open  and  maintain  a 
correspondence. 

Now  it  mav  be  observed,  that  these  two  classes  of  observar 
tions  naturally  refer  themselves  to  two  chief  branches  into 
which  the  science  of  terrestrial  magnetism  in  its  present  state 
subdivides  itself,  and  which  bear  a  certain  analogv  to  the 
theories  of  the  elliptic  movements  of  the  planets,  ana  of  their 
periodical  and  secular  perturbations.  The  first  comprehends 
the  actual  distribution  of  magnetic  influence  over  the  globe, 
at  the  present  epoch,  in  its  mean  to  average  state,  when  the 
effects  of  temporary  fluctuations  are  either  neglected  or  elimi- 
nated  by  extending  the  observations  over  a  sufficient  time  to 
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meutralize  their  efiects.  The  odier  comprises  the  history  of  all 
that  is  not  permanent  in  the  phamomena,  whether  it  appear  in 
the  form  of  momentary,  dailj,  monthly,  or  annual  change  and 
restoration,  or  in  progressive  changes  not  compensated  by 
counter  changes,  but  going  on  continually  accumulating  in  one 
direction,  so  as  in  the  course  of  many  years  to  alter  the  mean 
amount  of  the  quantities  observed.  These  last-mentioned 
dianges  hold  the  same  place,  in  the  analogy  alluded  to,  with 
reelect  to  the  mean  quantities  and  temporary  fluctuations, 
diat  the  secular  variations  in  the  planetai^  movements  must 
be  regarded  as  holdm^,  with  respect  to  their  mean  orbits  on 
the  one  hand,  and  their  p^tturbations  of  brief  period  on  th» 
ether. 

There  is,  however,  Ais  difference^  that  id  theplanetiury 
theory  all  these  varieties  of  effect  have  been  satisfactorily 
traced  up  to  a  single  cause,  whereas  in  that  of  terrestrial 
magnetism  this  is  so  far  frem  being  demonstrably  the  case^ 
tha(  the  contrary  is  not  destitute  of  eonsiderable  probability.. 
In  fact,  the  great  features  of  the  magnetic  curves,  and  their 
genend  dispUcements  and  changes  of  form  over  the  whole 
surface  of  the  earth,^  would  seem  to  be  the  result  of  causes 
acting  in  the  interior  of  the  earth,  and  pervading  its  whole 
mass;  while  the  annual  and  diurnal  variations  of  the  needle^ 
with  their  train  of  subordinate  periodical  movements,  may, 
and  very  probably  do  arise  from,  and  correspond  to  electric 
currents  produced  by  periodical  variations  of  temperature  at 
its  surface,  due  to  the  sun's  portion  above  the  horizon,  or  in 
the  ecliptic,  modified  by  local  causes ;  while  local  or  temporary 
electric  discharges,  due  to  the  thermic^  chemical,  or  mechani- 
cal causes,  acting  in  the  higher  regions  of  the  atmosphere,  and 
relieving  diemselves  irregularly  or  at  intervals,  may  serve  to 
render  account  of  those  unceasmg,  as  they  seem  to  us 
casual  movements,  which  recent  observations  nave  placed  in 
so  conspicuous  and  interesting  a  light.  The  electrodynamic 
theory^  which  refers  all  magnetism  te  electric  currents,  is 
silent  as  to  the  causes  of  those  currents,  which  may  be  vari- 
ous, and  which  only  the  analysis  of  their  effects  caa  teach  us 
to  regard  as  internal,  superficial,  or  atmospheric. 

It  is  not  merely  for  the  use  of  navigators  that  chart8,giving 
a  general  view  of  the  lines  of  magnetic  declination,^  indinar 
tion,  and  intensity,  are  necessary.  Such  charts,  could  they 
really  be  depended  on,  and  where  they  in  any  degree  com- 
plete, would  be  of  the  most  eminent  use  to  the  weoretical 
mquirer*  not  only  as  general  directions  in  the  choice  of  empi- 
rical formulae,  but  as  powerful  instruments  for  facilitating 
numerical  investigation,  by  the  choice  they  afford  of  data 
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fiftvourably  arranged ;  and  above  all,  as  affordioff  decidedl^^ 
the  best  means  of  comparing  any  given  theory  wim  observa- 
tion. In  fact,  upon  the  wnole,  the  readiest,  and  beyond 
comparison  the  fairest  and  most  effectual  mode  of  testing  the 
numerical  applicability  of  a  theory  of  terrestrial  magnetism, 
would  be,  not  servilely  to  calculate  its  results  for  given  locali- 
tien,  however  numerous,  and  thereb}^  load  its  apparent  errors 
with  the  real  errors,  both  of  observation  and  local  magnetism, 
but  to  compare  the  totalitv  of  the  lines  in  our  charts  with  the 
corresponding  lines,  as  uiey  result  from  the  formul®  to  be 
tested,  when  their  general  agreement  or  disagreement  will  not 
onlv  show  how  far  the  latter  truly  represent  the  facts,  but 
wiU  furnish  distinct  indications  of  the  modifications  they 
reqiaire. 

Unfortunately  for  the  progress  of  our  theories,  however, 
we  are  yet  very  far  from  possessing  charts  even  of  that  one 
element,  the  Declination,  most  usenil  to  the  navigator,  which 
aatisfy  these  requisites;  while  as  respects  the  others  ^the 
Inclination  and  Intensity)  the  most  lamentable  deficiences 
occur,  especially  in  the  Antarctic  regions.  To  make  good 
these  deficiencies  by  the  continual  practice  of  every  mo(fe  of 
observation  appropriate  to  the  circumstances  in  which  die 
observer  is  placed  throughout  the  voyage,  will  be  one  of  the 

treat  objects  to  which  attention  must  be  directed.      And 
rst — 

At  sea We  are  not  to  expect  from  magnetic  observations 

made  at  sea  the  precision  of  which  they  are  susceptible  on 
land.  Nevertheless,  it  has  been  ascertained  that  not  only  the 
Declination,  but  tlie  Inclination  and  Intensity  can  be  obser- 
ved, in  moderate  circumstances  of  weather  and  sea,  with 
sufficient  correctness,  to  afford  most  useful  and  valuable 
information,  if  patience  be  bestowed,  and  proper  precautions 
adopted.  The  total  intensity,  it  is  ascertained,  can  be  mea- 
stured  with  some  considerable  degree  of  certaintv  by  the 
adoption  of  a  statical  method  of  observation  recently  devised 
by  Mr.  Fox,  whose  instrument  will  be  a  part  of  the  appara- 
tus provided.  And  when  it  is  recollected  that  but  for  such 
observations  the  whole  of  that  part  of  the  globe  which 
is  covered  by  the  ocean  must  remain  for  ever  a  blank  in  our 
charts,  it  will  be  needless  further  to  insist  on  the  necessity  at 
making  a  dailv  series  of  magnetic  observations,  in  all  the  three 
particulars  above-mentioned,  whenever  weather  and  sea  will 
permit,  an  essential  feature  in  the  business  of  the  voyage,  in 
both  ships.  Ma^etic  observations  at  sea  will,  of  course  be 
affected  by  the  ship's  magnetism,  and  this  must  be  eliminated 
to  obtain  res\ilts  ot  any  service.    To  this  end, 
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First.  Eyery  series  of.  observations  made  on  board  should 
be  accompanied  with  a  notice  of  the  direction  by  compass  of 
the  ship's  head  at  the  time. 

Secondly.  Previous  to  sailing,  a  very  careful  series  of  the 
apparent  deviations,  as  shown  by  two  compasses  permanently 
fixed,  (the  one  as  usual,  the  other  in  a  convenient  position, 
considerably  more  forward  in  the  ship,)  in  every  position  of  the 
ship's  head,  as  compared  with  the  real  position  of  the  ship, 
should  be  made  and  recorded,  with  a  view  to  attempt 
procuring  the  constants  of  the  ship's  action  according  to  M. 
jPoisson's  theory* ;  and  this  process  should  be  repeated  on 
one  or  more  convenient  occasions  during  the  voyage ;  and, 
generaUjT)  while  at  anchor,  every  opportunity  should  be  taken 
of  swinging  round  the  ship's  head  to  the  four  cardinal  points, 
and  executing  in  each  position  a  complete  series  of  the  usual 
observations. 

Thirdly.  Wherever  magnetic  instruments  are  landed  and 
observations  made  on  terra  firma^  or  on  ice,  the  opportunity 
should  be  seized  of  going  through  the  regular  series  on  ship- 
board with  more  than  usual  diligence  and  care,  so  as  to  estab- 
lish by  actual  experiment  in  the  only  unexceptionable  manner 
the  nature  and  amount  of  the  corrections  aue  to  the  ship's 
action  for  that  particular  geographical  position,  and  by  the 
assemblage  of  all  such  observations  to  anbrd  data  for  conclu- 
ding them  in  general. 

Fourthly.  No  change  possible  to  be  avoided  should  be 
made  in  the  disposition  of  considerable  masses  of  iron  in  the 
ships  during  the  whole  voyage ;  but  if  such  change  be  neces- 
sary, it  should  be  noted. 

Fifthly.  When  crossing  the  magnetic  line  of  no  dip  it 
would  be  desirable  to  go  through  the  observations  for  the  dip 
with  the  instrument  successive^  placed  in  a  series  of  differ- 
ent magnetic  azimuths,  by  which  the  influence  of  the  ship's 
magnetism  in  a  vertical  direction  will  be  placed  in  evidence. 

On  landy  or  on  ice* — As  the  completeness  and  excellence 
•f  the  instruments  with  which  the  Expedition  will  be  furnished 
will  authorise  the  utmost  confidence  in  the  results  obtained 
by  Captain  Ross's  well  known  scrupulosity  and  exactness  in 
their  use,  the  redetermination  of  the  magnetic  elements  at 
points  where  they  are  already  considered  as  ascertained,  will 
De  scarcely  less  desirable  than  their  original  determination  at 
stations  where  they  have  never  before  been  observed.  This 
is  the  more  to  be  insisted  on,  as  lapse  of  time  changes  these 
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elements  in  some  cases  with  considerable  rapidity  ;  and  it  if 
therefore  of  great  consequence  that  obseryations  to  be  com- 
pared should  be  as  nearly  contemporary  as  possible,  and  that 
data  should  be  obtuned  for  eliminating  the  effects  of  secular 
variations  during  short  intervals  of  time,  so  as  to  enable  us  to 
reduce  the  observations  of  a  series  to  a  common  epoch. 

On  the  other  hand  it  cannot  be  too  strongly  recommended, 
studiously  to  seek  every  opportunity  of  limdiDg  on  points 
(magnetically  speaking)  unknown,  and  determining  the  ele- 
ments of  those  points  with  all  possible  precision*  Nor  should 
it  be  neglected,  whenever  the  slightest  room  for  doubt  sub- 
sists, to  determine  at  the  same  time  the  geographical  position 
of  die  stations  of  observation  in  latitude  and  longitude, 
jnien  the  observations  are  made  on. ice,  it  is  needlera  to 
remark  that  this  will  be  universally  necessary. 

With  this  general  rec<nnmendation  it  will  be  unnecessary  to 
enumerate  particular  localities*  In  fact,  it  is  impossible  to 
accumulate  too  many.  Nor  can  it  be  doubted  that  in  the 
course  of  antarctic  exploration,  many  hitherto  undiscovered 
points  of  land  will  be  encountered,  each  of  which  will,  of 
course,  become  available  as  a  magnetic  station^  according  to 
its  accessibility  and  convenience. 

There  are  certain  points  in  the  regiona  about  to  be  traversed 
in  this  voyage  which  offer  great  and  especial  interest  in  a 
magnetic  point  of  view.  These  are,  first,  the  south  magnetic 
pole  (or  poles),  intending  thereby  the  point  or  points  in  which 
the  horizontal  intensity  vanishes  and  the  needle  tends  virtically 
downwards  ^  and  secondly,  the  points  of  maximum  intensity, 
which,  to  prevent  the  confusion  arising  from  a  double  use  of 
the  word  poles,  we  may  provisionally  term  magnetic  ^ei. 

It  is  not  to  be  supposed  that  Captain  Ross,  having  already 
signalized  himself  by  attaining  the  northern  magnetic  pole, 
should  require  any  exhortation  to  induce  him  to  use  hie  indea- 
vours  to  reach  the  southern*  On  the  contrary,  it  might  better 
become  us  to  suggest  for  his  consideration,  that  no  scientific 
datum  of  this  description^  nor  any  attempt  to  attain  very  high 
southern  lattitudes,  can  be  deemed  important  enough  to  be 
made  a  ground  for  exposing  to  extraordinary  risk  the  lives  of 
brave  and  valuable  men.  The  magnetic  pole»  though  not 
attained  will  yet  be  pointed  to  by  distinct  and  unequivocal 
indications ;  viz.  by  the  opproximation  of  the  dip  to  90^  y  and 
by  the  convergence  of  the  magnetic  meridians  on  all  sides 
towards  it.  If  such  convergence  be  observed  over  any  con- 
siderable region,  the  place  of  the  pole  may  hence  be  deduced, 
though  its  locality  may  be  inaccessible. 

M.  Gauss^  from  tfaeoretieal  considerations,  has  recently 
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assigned  a  probable  position  in  Ion.  146°  E«,  lat.66*'  S.,  to  the 
eouthem  magnetic  pole,  denyiu^  the  existence  of  two  poles 
of  the  same  name,  m  either  hemisphere,  which,  as  he  justly 
remarks,  would  entail  the  necessity  of  admitting  also  a  third 
point,  haying  some  of  the  chief  characters  of  such  a  pole 
intermediate  between  them.  That  this  is  so,  may  be  made 
obvious  without  following  out  his  somewhat  intricate  demonstra- 
tion, by  simply  considering,  that  if  a  needle  be  transported 
from  one  such  pole  to  anouer  of  the  same  name,  it  will  begin  to 
deviate  from  perpendicularity  towcwds  the  pole  it  has  quitted, 
and  will  end  m  attaining  perpendicularity  again,  after  pointing 
in  the  latter  part  of  its  progress  obliquely  towards  the  pole  to 
which  it  is  moving,  a  sequence  of  things  impossible  without 
an  intermediate  passage  through  the  perpendicular  direction. 

It  is  not  improbable  that  the  point  indicated  by  M.  Gauss 
will  prove  accessible ;  at  all  events  it  cannot  but  be  ap- 
proachable sufficiently  near  to  test  by  the  convergence  of 
meridians  the  truth  of  the  indication ;  and  as  his  theory  gives 
within  very  moderate  limits  of  error  the  true  place  of  the 
northern  pole,  and  otherwise  represents  the  magnetic  ele- 
ments in  every  explored  region  with  considerable  approxima^* 
tion,  it  is  but  reasonable  to  recommend  this  as  a  distinct  point 
to  be  decided  in  Captain  Ross's  voyages.  Should  the 
decision  be  in  the  negative,  i.  e.  should  none  of  the  indica- 
tions characterizing  the  near  vicinity  of  the  magnetic  pole 
occur  in  that  region,  it  will  be  to  be  sought ;  and  a  knowledge 
of  its  real  locality  will  be  one  of  the  distinct  scientific  results 
which  may  be  confidently  hoped  from  this  Expedition,  and 
which  can  only  be  attained  by  circumnavigating  the  antarctic 
pole  compass  in  hand. 

The  actual  attainment  of  a  Jbcus  of  maximum  intensity  is 
rendered  difficult  by  the  want  of  some  distinct  character  by 
which  it  can  be  known,  previous  to  trial,  in  which  direction  to 
proceed,  when  after  increasing  to  a  certain  point  the  intensity 
begins  again  to  diminbh.  The  best  rule  to  be  given,  would 
be  (supposing  circumstances  would  permit  it)  on  perceiving 
the  intensity  to  have  become  nearly  stationary  in  its  amount, 
to  turn  short  and  pursue  a  course  at  right  angles  to  that  just 
before  follo|[ed,  when  a  change  could  not  fail  to  occur,  and 
indicate  by  its  direction  towards  which  side  the  focus  in  ques- 
tion were  situated. 

Another,  and  as  it  would  appear,  a  better  mode  of  conduc- 
ting such  a  research,  would  be,  when  in  the  presumed 
neighbourhood  of  a  focus  of  maximum  intensity,  to  run 
down  two  parallels  of  latitude  or  two  arcs  of  meridians 
separated  by  an  interval  of  moderate  extent,  observing  all  the 
way  in  each,  by  which  observations,  when  compared,  the  con- 

G  G 
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cayities  of  the  isodynamic  lines  would  become  apparent,  and 
perpendiculars  to  the  chords,  intersecting  in  or  near  the  fociy 
mignt  be  drawn. 

Two  foci  or  points  of  maximum  total  intensity  are  indica- 
ted by  the  general  course  of  the  lines  in  Major  Sabine's  chart 
in  the  Southern  Hemisphere,  one  about  long.  140^  £.,Iat. 
47°  S.,  the  other  more  obscurely  in  long.  235°  E.,  lat.  60°  8., 
or  thereabouts.  Both  these  points  are  certainly  accessible ; 
and  as  the  course  of  the  Expedition  will  lead  not  far  from 
each  of  them,  they  might  be  visited  with  advantage  by  a 
course  calculated  to  lead  directly  across  the  isodynamic  ovals 
surrounding  them. 

Pursuing  the  course  of  the  isodynamic  luies  in  the  chart 
above  mentioned,  it  appears  that  one  of  the  two  points  of 
tninimum  total  intensity,  which  must  exist,  if  that  chart  be 
correct,  may  be  looked  for  nearly  about  lat.  25°  S.,  long.  12® 
W.,  and  that  the  intensity  at  that  point  is  probably  the  least 
which  occurs  over  the  whole  globe.  Now  this  point  does  not 
lie  much  out  of  the  direct  course  usually  pursued  by  vessels 
going  to  the  Cape.  It  would  therefore  appear  desirable  to 
pass  directly  over  it,  were  it  only  for  the  sake  of  determining 
by  direct  measure  the  least  magnetic  intensity  at  present  exis- 
ting on  the  earth,  an  element  not  unlikely  to  prove  of  impor- 
tance in  the  further  progress  of  theoretical  investigation, 
Excellent  opportunities  wUl  be  afforded  for  the  investigation 
of  all  these  points,  and  for  making  out  the  true  form  of  the 
isodynamic  ovals  of  the  South  Atlantic,  both  in  beating  up  for 
St,  Helena,  and  in  the  passage  from  thence  to  the  Cape ;  in 
the  course  of  which,  the  point  of  least  intensity  will,  almost  of 
necessity,  have  to  be  crossed,  or  at  least  approached  very  near. 

Nor  is  the  theoretical  line  indicated  by  Gauss  as  dividing 
the  northern  and  southern  regions,  in  which  free  magnetism 
may  be  regarded  as  superficially  distributed,  undeserving  of 
attention.  That  line  cuts  the  equator  in  6°  east  longitude, 
being  inclined  thereto  (supposing  it  a  great  circle)  15°,  by 
which  quantity  it  recedes  from  the  equator  northward  in  going 
towards  the  west  of  the  point  of  intersection.  Observations 
made  at  points  lying  in  the  course  of  this  line  may  hereafter 
prove  to  possess  a  value  not  at  present  contem^ated. 

As  a  theoretical  datum,  the  horizontal  intensity  has  been 
recommended  by  Gauss,  in  preference  to  the  total,  not  only 
as  being  concluded  from  observations  susceptible  of  great 
precision,  but  as  affording  immediate  facilities  for  calculation. 
As  it  cannot  now  be  long  before  the  desideratum  of  a  chart  of 
the  horizontal  intensity  is  supplied,  the  maxima  and  minima 
of  this  element  may  also  deserve  especial  inquiry,  and  may  bo 
ascertained  in  the  wanner  above  pomted  out. 
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The  maxima  of  horizontal  intensity  are  at  present  undeter- 
mined by  any  direct  obserration.  They  must  of  necessity, 
however,  lie  in  lower  magnetic  latitudes  than  those  of  the 
total  intensity,  as  its  minima  must  in  higher ;  and  from  such 
inqperfect  means  as  we  have  of  judging,  the  conjectural  situa- 
tions of  the  maxima  may  be  stated  as  occurring  in 

2(^  N.  80<'  E.  I. 

7  N.  260   E.  IL 

3    S.  130   E.  III. 

10   S.  180    E.  IV. 

Obs^vations  have  been  made  of  the  horizontal  intensity 
it  the  vicinities  of  II,  and  III.,  and  are  decidedly  the  highest 
which  have  been  observed  anywhere. 

In  general,  in  the  choice  of  stations  for  determining  the 
absolute  values  of  the  three  magnetic  elements,  it  should  be 
borne  in  mind,  that  the  value  of  each  new  station  is  directly 
proportional  to  its  remoteness  from  those  already  known. 
Should  any  doubt  arise,  therefore,  as  to  the  greater  or  less 
elegibility  of  particular  points,  a  reference  to  the  existing  mag- 
netic maps  and  charts,  by  showing  where  the  known  points  of 
observation  are  most  sparingly  distributed,  will  decide  it. 

For  such  magnetic  determinations  as  those  above  contem- 
plated, the  instruments  hitherto  in  ordinary  Ube,  with  the 
addition  of  Mr.  Fox*s  apparatus  for  the  statical  determination 
of  the  intensity,  will  suffice ;  the  number  of  the  sea  observa- 
tions compensating  for  their  possible  want  of  exactness.  The 
determinations  which  belong  to  the  second  branch  of  our 
subject, — viz.  those  of  the  diurnal  and  other  periodical  varia- 
tions, and  of  the  momentary  fluctuations  of  the  magnetic 
forces, — ^require,  in  the  present  state  of  our  knowledge,  the 
use  of  those  more  refined  instruments  recently  introduced. 
Being  comparative  rather  than  absolute,  tbey  depend  in  great 
measiu*e  (and  as  regards  the  momentary  changes,  wholly)  on 
combined  and  simultaneous  observation. 

The  variations  to  which  the  earth's  magnetic  force  is  sub- 
ject, at  a  given  place,  may  be  classed  under  three  heads, 
namely,  1.  the  irr€^/dr  variations,  or  those  which  apparently 
observe  no  law ;  2.  the  periodical  variations  whose  amount  is 
a  function  of  the  hour  of  the  day,  or  of  the  season  of  the 
year ;  and,  3.  the  secular  variations,  which  are  either  slowly 
progressive,  or  else  return  to  their  former  values  in  periods  of 
yery  great  and  unknown  magnitude. 

The  recent  discoveries  connected  with  the  irregular  varia- 
tions of  the  magnetic  declination,  have  given  to  this  class  of 
changes  a  promment  interest.      In  the  year  1618  M.  Arago 
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tnade,  at  the  Observatory  of  Paris,  a  valuable  and  extensive 
series  of  observations  on  the  declination  changes ;  and  M. 
Kupffer  having  about  the  same  time  undertaken  a  similar 
research  at  Cazan,  a  comparison  of  the  results  led  to  the 
discovery  that  the  perturbations  of  the  needle  were  synchro- 
nous at  the  two  places,  although  these  places  differed  from 
one  another  by  more  than  forty-seven  Aegtee%  of  longitude. 
This  seems  to  have  been  the  first  recognition  of  a  phenome- 
non, which  now,  in  the  hands  of  Gauss  and  those  who  are 
labouring  with  him,  appears  likely  to  receive  a  full  eluci- 
dation. 

To  pursue  this  phenomenon  successfull  v,  and  to  promote  in 
other  directions  the  theory  of  terrestrial  magnetism,  it  was 
necessary  to  extend  and  vary  the  stations  of  observation,  and 
to  adopt  at  all  a  common  plan.  Such  a  system  of  simultane- 
ous observations  was  organized  by  Von  Humboldt  in  the  year 
1827.  Magnetic  stations  were  established  at  Berlin  and 
Freyberg ;  and  the  Imperial  Academy  of  Russia  entering 
with  zesd  into  the  project,  the  chain  of  stations  was  carried 
over  the  whole  of  that  colossal  empire.  Magnetic  houses  were 
erected  at  Petersburg  and  at  Cazan ;  and  magnetic  instruments 
were  placed,  and  regular  observations  commenced,  at  Moscow, 
at  Sitka,  at  Nicolajeff  in  the  Crimea,  at  Bamaoul  and 
Nertschinsk  in  Siberia,  and  even  at  Pekin.  The  plan  of 
observation  was  definitely  organized  in  1830 ;  and  simultane^ 
ous  observations  were  made  seven  times  in  the  year,  at 
intervak  of  an  hour  for  the  space  of  forty-four  hours. 

In  1834  the  illustrious  Gauss  turned  his  attention  to  the 
subject  of  terrestrial  magnetism  ;  and  having  contrived  instru- 
ments which  were  capable  of  yielding  results  of  an  accuracy 
before  unthoughtof  m  magnetic  researches,  he  proceeded  to 
inquire  into  the  simultaneous  movements  of  the  horizontal 
needle  at  distant  places.  At  the  very  outset  of  his  inquiry 
he  discovered  the  fact,  that  the  synchronism  of  the  perturba- 
tions was  not  confined  (as  had  been  hitherto  imagined)  to  the 
larger  and  extraordinary  changes;  but  that  even  the  minutest 
deviation  at  one  place  of  observation  had  its  counterpart  at 
the  other.  Gauss  was  thus  led  to  organize  a  plan  of  simulta- 
neous observations,  not  at  intervals  of  an  hour,  but  at  the 
short  intervals  of  five  minutes.  These  were  carried  on 
through  twenty-four  hours  six*  times  in  the  year ;  and  mag- 
netic^stations  taking  part  in  the  system  were  established  at 
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Altona,  Augsburg,  Berlin,  Bonn,  Brunswick,  Breda,  Breslau, 
Cassel,  Copenhagen,  Dublin,  Freyberg,  GU)ttingen,  Green- 
ivieh,  Halle,  Kazan,  Cracow,  Leipsic,  Milan,  Marburg, 
Munich,  Naples,  St  Petersburg,  and  Upsala. 

Extensive  as  this  plan  appears,  there  is  much  yet  remaining 
to  be  accomplished.  The  stations,  numerous  as  they  are,  em- 
brace but  a  small  portion  of  the  earth's  surface;  and  what  is 
of  yet  more  importance,  none  of  them  are  situated  in  the  neigh- 
bourhood of  those  singular  points  or  curves  on  the  earth's 
surface,  where  the  magnitude  of  the  changes  may  be  expected 
to  be  excessive,  and  perhaps  even  their  direction  inverted. 
In  short,  a  wider  system  of  observation  is  required  to  deter- 
mine whether  the  amount  of  the  changes  (which  is  found  to  be 
very  different  in  different  places)  is  dependent  simply  on  the 
geographical  or  on  the  magnetic  co-ordinates  of  the  place ; 
whether,  in  fact,  the  variation  in  that  amount  be  due  to  the 
greater  or  less  distance  of  a  disturbing  centre,  or  to  the  modi- 
fying effect  of  the  mean  magnetic  force  of  the  place,  or  to 
both  causes  acting  conjointly.  In  another  respec:t  also,  the 
plan  of  the  simultaneous  observations  admits  of  a  greater 
extension.  Until  lately  the  movements  observed  have  been 
only  those  of  the  magnetic  declination^  although  there  can  be 
no  doubt  that  the  inclination  and  the  intensity  are  subject  to 
similar  perturbations.  Recently,  at  many  of  the  German 
stations,  the  horizontal  component  of  the  intensity  has  been 
observed,  as  well  as  the  declination ;  but  the  determination  of 
another  element  is  yet  required,  before  we  are  possessed  of  all 
the  data  necessary  in  this  most  interesting  research. 

The  magnetic  observations  about  to  be  established  in  the 
British  Colonies,  by  the  UberaUty  of  the  Government,  will  (it 
is  hoped)  supply  in  a  great  measure  these  desiderata.  The 
stations  are  widely  scattered  over  the  earth's  sur&ce,  and  are 
situated  at  points  of  prominent  interest  with  regard  to  the 
Isodynamic  and  Isoclinal  lines.  The  point  of  maximum 
intensity  in  the  northern  hemisphere  is  in  Canada ;  the  cor- 
responding maximum  in  the  southern  hemisphere  is  near  Van 
Diemen's  Land ;  St.  Helena  is  close  to  the  line  of  minimum 
intemity  ;  and  the  Cape  of  Good  Hope  is  of  importance  on 
account  6f  its  southern  latitude.  At  each  observatory  the 
changes  of  the  vertical  component  of  the  niagnedc  force  will 
be  observed,  as  well  as  those  of  the  horizontal  component  and 
declination;  and  the  variations  of  the  two  components  of  the 
force  being  known,  those  of  the  inclination  and  of  the  force 
itself  are  readily  deduced.  The  simultaneous  observa- 
tions of  these  three  elements  will  be  made  at  numerous  and 
stated  periods,  and  we  have  every  reason  to  hope  that  the 
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directors  of  the  various  European  observatories  will  take  part 
in  the  combined  system. 

But  interesting  as  these  phenomena  are,  they  form  but  a 
small  part  of  the  proper  business  of  an  observatory.  The 
regular  changes  (both  periodic  and  secular)  are  no  less  im- 
portant than  die  irregular ;  and  they  are  certainly  those  by 
which  a  patient  inductive  inquirer  would  seek  to  ascend  to 
general  laws.  Even  the  empirical  expression  of  these  laws 
cannot  fail  to  be  of  the  utmost  value,  as  furnishing  a  correc- 
tion to  the  absolute  values  of  the  magnetic  elements,  and 
thereby  reducing  them  to  their  mean  amount 

The  hourly  changes  of  the  declination  have  been  frequently 
and  attentively  observed ;  but  with  respect  to  the  periodical 
variations  of  the  odier  two  elements,  our  information  is  as  yet 
very  scanty.  The  determination  of  these  varations  wiD  form 
an  important  part  of  the  duty  of  the  magnetic  observatories ; 
and  from  the  accuracy  of  which  the  observations  are  suscepti- 
ble, and  the  extent  which  it  is  proposed  to  give  them,  there  can 
be  no  doubt  that  avery  exact  knowledge  of  the  eippirical  laws 
will  be  the  result. 

With  respect  to  the  secular  variations,  it  might  perhaps  be 
doubted  whether  the  Umited  lime  during  which  the  observa- 
tories will  be  in  operation  is  adequate  to  their  determination. 
But  it  should  be  kept  in  mind  that  the  monthly  mean  corres- 
ponding to  each  hour  of  observation  will  furnish  a  separate 
result;  and  that  the  number  and  accuracy  of  the  results  thus 
obtained  may  be  such,  as  fiilly  to  compensate  for  the  shortness 
of  the  interval  through  which  they  are  followed.  A  beautiful 
example  of  such  a  result,  deduced  from  three  years'  observa- 
tion of  the  declination,  is  to  be  found  in  the  first  volume  of 
Gauss's  magnetical  work,  of  which  a  translation  is  published 
in  the  fifth  number  of  Taylor's  Scientific  Memoirs. 

It  remains  to  say  a  few  words  of  the  instrumental  means 
which  have  been  adopted  for  the  attainment  of  these  ends. 

The  magnetic  instruments  belonging  to  each  observatory 
and  in  constant  use,  are,  1.  a  declination  instrument ;  2.  a  hori- 
zontal force  magnetometer ;  3.  a  vertical  force  magnetometer. 
These  instruments  are  constructed  after  the  plan  adopted  by 
Professor  Uoyd  in  the  Magnetic-  Observatory  of  Dublin. 
The  magnet,  in  the  two  former,  is  a  heavy  bar,  fifteen  inches 
long,  and  upwards  of  a  poimd  in  weight.  In  the  declination 
instrument  the  magnet  rests  in  the  magnetic  meridian,  being 
suspended  by  fibres  of  silk  without  torsion.  In  the  horizontal 
force  magnetometer,  the  magnet  is  supported  by  two  parallel 
wires,  and  maintained  in  a  position  at  right  angles  to  the  mag- 
netic meridian  by  the  torsion  of  their  upper  extremities.    la 
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both  instruments  the  chants  of  position  of  the  magnet  are 
read  off  by  means  of  an  attached  collimater  having  a  divided 
scale  in  its  focus.  The  magnetometer  for  the  vertical  force  is 
a  bar  resting  by  knife  edges  on  agate  planes,  and  capable  of 
motion  therefore  in  the  vertical  plane  only.  This  bar  is 
loaded,  so  as  to  rest  in  the  horizontal  position  in  the  mean 
state  of  the  force ;  and  the  deviations  from  that  position  are 
read  off  by  micrometers  near  the  two  extremities  of  the  bar. 

In  addition  to  these  instruments,  each  observatory  is  flir- 
nished  with  a  dip  circle,  a  transit  with  an  azimuth  circle,  and 
two  chronometers.  Each  vessel  also  is  supplied  with  a  similar 
equipment  Should  therefore  the  ships  be  under  the  necessity 
of  wintering  in  the  ice, — and  generally,  on  every  occasion 
when  the  nature  of  the  service  may  render  it  necessary  to  pass 
a  considerable  interval  of  time  in  any  port  or  anchorage,— the 
magnetometors  should  be  established,  and  observations  made 
^th  all  the  regularity  of  one  of  the  fixed  observatories,  and 
-with  strict  attention  to  all  the  same  details. 

The  selection  of  proper  stations  for  the  erection  of  the 
magnetometers,  and  the  extent  of  time  which  can  be  bestowed 
upon  each,  must  in  a  great  measure  depend  on  circumstan- 
ces, which  can  only  be  appreciated  after  the  Expedition  shall 
have  sailed.  The  observatory  at  St  Helena  (the  officers  and 
instruments  for  which  will  be  landed  by  Captain  Ross,)  will  in 
all  probability, — and  that  at  the  Cape  (similarly  circumstanced 
in  this  respect)  may  possibly, — ^be  in  activity  by  the  time  the 
ships  arrive  at  Kerguelen's  Land ;  which  we  woidd  recom- 
mend as  a  very  interesting  station  for  procuring  a  complete  and 
as  extensive  a  series  of  corresponding  observations  as  the 
necessity  of  a  speedy  arrival  at  Van  Diemen's  Land  for  the 
establishment  of  the  fixed  observatory  at  that  point  will  allow ; 
taking  into  consideration  the  possibility  of  obtaining  during 
the  intermediate  voyage,  a  similar  series,  at  some  point  of  the 
coast  discovered  by  Kemp  and  Biscoe.  In  the  ulterior  prose- 
cution of  the  voyage,  a  point  of  especial  interest  for  the 
performance  of  similar  observations  will  be  found  in  N^ 
Zealand,  which,  according  to  the  sketch  of  the  voyage  laid 
before  us  by  Captain  ^ss,  will  probably  be  visited  shortly 
after  the  establishment  of  the  Van  Diemen*s  Land  observa- 
tory. The  observations  there  will  have  especial  interest,  since, 
taken  in  conjunction  with  those  simultaneously  making  in  Van 
Diemen's  Land,  they  will  decide  the  important  question,  how 
£eu:  that  exact  correspondence  of  the  momentary  magnetic  per- 
turbations which  has  been  observed  in  Europe,  obtains  in  so 
remote  a  region,  between  places  separated  by  a  distance  equal 
to  that  between  the  most  widely  distant  European  Stations. 
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In  the  interval  between  quitting  Van  Diemen's  Land  and 
returning  to  it  again,  opportunities  will  no  doubt  occur  of  per- 
forming more  than  one  other  series  of  magnetometer  ob8er>'a- 
tions,  tihe  locality  of  which  may  be  conveniently  left  to  the 
judgment  of  Captain  Ross,  bearing  in  mind  the  advantage  of 
observing  at  stations  as  remote  as  possible  from  both  Van 
Diemen's  Land  and  New  Zealand. 

The  research  for  the  southern  magnetic  pole  and  the  explo- 
ration of  the  antarctic  seas  will  afford,  it  may  be  presumed, 
many  opportunities  of  instituting  on  land  hitherto  unknown, 
or  on  firm  ice  when  the  vessel  may  be  for  a  time  blockaded, 
observations  of  this  description ;  and  in  the  progress  of  the 
circumnavigation,  the  line  of  coast  obsen^ed  or  supposed  to 
exist  under  the  name  of  Graham's  Land,  or  those  of  the  islands 
of  that  vicinity.  South  Shetland,  Sandwich  Land,  and  finaDy 
on  the  homeward  voyage  the  Island  of  Tristan  d'Acunha  wifi 
afford  stations  each  of  its  own  particular  interest. 

A  programme  will  be  furnished  of  the  days  selected  for 
simultaneous  observations  at  the  fixed  observatories,  and  of 
the  details  to  be  attended  to  in  the  observations  themselves  as 
above  alluded  to.  These  days  will  include  the  terTns  or 
stated  days  of  the  German  Magnetic  Association,  in  which, 
by  arrangements  already  existing,  every  European  magnetic 
observatory  is  sure  to  be  in  full  activity.  These  latter  days, 
which  pccur  four  times  in  the  year,  will  be  especially  interest- 
ing, as  periods  of  magnetometrical  observations  by  the 
Expedition,  when  the  circumstances  of  the  voyage  will  permit. 
For  the  determination  of  the  existence  and  progress  of  the 
diurnal  oscillation,  in  so  far  as  that  important  element  can  be 
ascertained  in  periods  of  brief  duration,  it  will  be  necessary  to 
continue  the  obsen^ations  hourly  during  the  twenty-foiu*  for 
not  less  than  one  complete  week.  At  every  station  where  the 
magnetometers  are  observed,  the  absolute  values  of  the 
dip,  horizontal  direction,  and  intensity  will  require  to  be 
ascertained. 

Sydney,  for  a  station  of  absolute  determinations,  would  be 
with  great  propriety  selected,  as  there  can  be  no  doubt  of  its 
becoming  at  no  distant  period  a  centre  of  reference  for  every 
species  of  local  determination. 

The  meteorological  particulars  to  be  chiefly  attended  to,  as  a 
part  of  the  magnetic  observations,  are  those  of  the  barometer, 
thermometer,  wind,  and  especially  auroras,  if  any.  In  case  of 
the  occurrence  of  the  latter  indeed,  the  hourly  should  at  once 
be  exchanged  for  uninterrupted  observation,  should  that  not 
be  actually  in  operation.  The  affections  of  the  magnetome- 
ters during  thunder-storms,  if  any,  should  be  noticed,  though 
it  is  at  present  beUeved  that  they  have  no  influence, 
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Daring  an  earthquake  in  Siberia  in  18299  the  diiecticm  of 
the  horizontal  needle,  carefiilly  watched  by  M.  Erman,  wbb 
uninfluenced ;  should  a  similar  opportunity  occur,  and  circum- 
stances permit,  it  should  not  be  neglected. 

Should  land  or  secure  ice  be  found  in  the  neighbourhood  of 
the  magnetic  pole,  every  attention  will  of  course  be  paid  to 
the  procuring  a  complete  and  extensive  series  of  magnetometric 
observations,  which  in  such  a  locality  would  form  one  of  the 
most  remarkable  results  of  the  Expedition. 

Elbctrobcbters. 

The  Council  are  fully  impressed  with  the  high  importance, 
of  regular  observations  on  the  electrical  state  of  the  atmos- 
phere; but  they  are  not  prepared  to  suggest  any  means  of 
effecting  this  desirable  object,  which  will  at  all  correspond 
with  the  present  advanced  state  of  electrical  physics.  At  no 
distant  period  they  hope  to  supply  a  defect  which  is  certainly 
a  reproach  to  science.  In  the  meantime  much  valuable  infor- 
mation might  be  acquired  by  observations  of  an  electroscope, 
on  one  of  the  ordinary  constructions  connected  with  a  lofty 
insulated  wire. 

In  erecting  such  a  wire,  proper  precautions  should  be  taken 
against  accidents  by  preparing  a  sufficient  conductor  in  its 
immediate  vicinity,  by  wnich  a  communication  could  be  at 
once  opened  with  the  ground  in  case  of  any  sudden  aild  dan- 
gerous accumulation  of  the  electric  fluid. 

As  a  temporary  contrivance,  a  common  jointed  fishing-rod, 
having  a  glass  stick  well  varnished  with  shell  lac,  substituted 
for  its  smallest  joint,  may  be  projected  into  the  atmosphere* 
To  the  end  of  the  glass  must  be  fixed  a  metallic  wire  termi- 
nating in  a  point,  and  connected  with  an  electroscope  b^ 
means  of  a  fine  copper  wire.  If  the  wire  be  made  to  termi- 
nate in  a  spiral  wrapped  round  a  piece  of  cotton  dipped  in 
H>irits  of  wme  and  mflamed,  its  power  of  collecting  electri- 
city will  be  sometimes  doubled,  but  great  precautions  are 
necessary  when  this  mode  is  employed.  When  the  electro- 
scope has  been  charged,  the  nature  of  the  electricity  may  be 
tested  in  the  usual  way  by  excited  glass  or  sealing  wax. 

The  principal  electroscopes  which  are  capable  of  being 
employed  to  ascertain  the  electrical  state  of  the  atmosphere, 
or  rather  to  compare  its  state  at  any  given  elevation  with  the 
Btate  of  the  mecUum  in  contact  widi  the  instrument,  are  the 
following : 

1.  De  Saussure's  electrometer,  which  consists  of  two  fine 
wires,  each  terminated  by  a  small  pith  ball,  and  adapted  to  a 
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small  metal  rod  fixed  in  the  upper  part  of  a  square  glass  cover, 
upon  one  of  the  faces  of  whien  a  divided  scale  is  marked,  in 
order  to  measure  the  angles  of  deviation  of  the  two  balls : 

2.  Volta's  electrometer,  formed  of  two  straws  about  two 
inches  long  and  ^th  of  a  line  broad,  suspended  from  two 
small  very  moveable  rings  adapted  to  metal  rod :  to  measure 
the  deviation  of  the  straws  a  telescope  with  a  nonius  is 
employed: 

3.  Singer's  electrometer,  consisting  of  two  slips  of  gold 
leaf  suspended  from  the  rod : 

4.  Bohnenberger's  electroscope,  formed  of  a  single  strip 
of  gold  leaf  suspended  from  the  conducting  rod  between  two 
dry  piles,  the  negative  pole  of  one  and  the  positive  pole  of 
the  other  being  uppermost ;  this  arrangement  has  the  advan- 
tage of  indicating  the  kind  of  electricity  communicated  to  the 
conductor. 

The  observations  made  with  these  and  similar  instruments 
have  demonstrated  that  in  serene  weather  the  electricity  of 
the  atmosphere  is  always  positive  with  regard  to  that  of  the 
earth,  ana  that  it  becomes  more  and  more  positive  in  propor- 
tion to  its  elevation  above  the  earth's  surface ;  so  that  if  an 
observer  be  on  a  mountain  or  in  a  balloon,  if  his  conductor 
be  directed  downwards  to  reach  an  inferior  stratum  of  air,  his 
electroscope  will  indicate  negative  electricity ;  and  if  it  be 
sent  upwards  into  a  superior  stratum,  positive  electricity  will 
be  manifested.  Various  means  have  been  resorted  to  in  these 
experiments,  such  as  connecting  one  of  the  extremities  of 
the  conducting  wire  to  a  kite,  a  small  balloon,  or  the  head 
of  an  arrow,  the  other  extremity  remaining  attached  to  the 
electroscope. 

It  has  been  ascertained  by  the  observations  of  De  Saussure, 
Schubler,  Arago  and  others,  that  the  positive  electricity  of 
the  atmosphere  is  subject  to  diurnal  variations  of  intensity, 
there  being  two  maxima  and  two  minima  during  the  twenty- 
four  hours.  The  first  minimum  takes  place  a  little  before  the 
rising  of  the  sun ;  as  it  rises,  the  intensity,  at  first  gradually 
and  then  rapidly,  increases,  and  arrives  at  its  first  maximum 
a  few  hours  after.  This  excess  diminishes  at  first  rapidly 
and  afterwards  slowly,  and  arrives  at  its  minimum  some 
hours  before  sunset ;  it  re-ascends  when  the  sun  approaches 
the  horizon,  and  attains  its  second  maximum  a  few  hours 
after,  then  diminishes  till  sunrise,  and  proceeds  in  the  order 
already  indicated.  The  intensity  of  the  free  electricity  of 
the  atmosphere  has  also  been  found  to  undergo  annual  changes, 
increafling  from  the  month  of  July  to  the  month  of  Noveinber 
inclusive,  so  that  the  greatest  intensity  occurs  in  winter,  and 
tile  least  in  summer. 
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In  cloudy  weather  the  free  electricity  of  the  atmosphere  is 
8till  positive.  During  storms,  or  when  it  rains  or  snows,  the 
electricity  is  sometimes  positive  and  sometimes  negative,  and 
its  intensity  is  always  much  more  considerable  than  in  serene 
wtether.  The  electroscope  will,  during  the  continuance  of 
a  storm,  frequently  indicate  several  changes,  from  positive 
to  negative. 

The  above  is  a  short  summary  of  almost  all  that  is  known 
respecting  the  laws  of  atmospheric  electricity.  It  will  be 
hignly  important  to  obtain  a  series  of  observations  equal  in 
accuracy  to  those  made  by  Schubler  at  Frankfort  in  181 1  and 
1812,  simultaneously  with  the  observations  of  the  hygrometer, 
barometer,  thermometer,  &c.  Combined  observations  at  a 
number  of  different  stations  cannot  fail  to  give  us  important 
information  respecting  the  distribution  of  the  free  electricity 
in  the  atmosphere,  and  the  extent  and  nature  of  tiie  distur- 
bances to  which  it  is  subject ;  but  to  render  the  results  valua- 
ble it  will  be  necessary  to  have  instruments  comparable  with 
each  other,  and  this  may  be  a  difficult  matter  to  effect.* 

Very  recently  a  new  method  of  investigating  the  electric 
state  of  the  atmosphere  has  been  proposed,  likely  to  lead 
hereafter  to  very  certain  and  valuable  results ;  but  it  has  not 
been  sufficiently  put  in  practice  to  enable  the  Council  to  re- 
commend, at  the  present  moment,  the  best  form  of  instru- 
ment for  making  simultaneous  and  comparable  observations, 
or  the  proper  precautions  to  guide  the  observer  in  manipu- 
lating it. 

For  the  principle  of  this  instrument  we  are  indebted  to  Mr. 
CoUadon  of  Geneva.  He  found,  that  if  the  two  ends  of  the 
wire  of  a  galvanic  multiplier,  consisting  of  very  numerous 
coils  well  insulated  from  each  other,  were  brought  in  contact, 
one  with  a  body  positively,  and  the  other  with  a  body  nega- 
tively charged,  a  current  of  electricity  passes  through  the 
wire,  until  equilibrium  is  restored ;  the  energy  and  direction 
of  this  current  is  indicated  by  the  deviation  of  the  needle 
from  the  zero-point  of  the  scale.  This  instrument  is  applied 
to  the  purpose  of  ascertaining  and  measuring  the  atmospheric 
electricity,  by  communicating  one  end  of  the  wire  witfi  the 
earth,  and  allowing  the  other  to  extend  into  the  region  of 
the  atmosphere,  the  electrical  state  of  which  is  mtended  to 
be  compared. 


*  For  a  faller  accoamt  of  what  is  known  respecting  atmospheric  electricity, 
and  the  mode  of  conducting  the  obserrations,  see  Btcqnerel's  Traiti  <U^ 
I*  EUdricUij  t  if.  pp,  7S— 125. 
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Thunder  storms,  of  course,  should  be  attended  to ;  but  it 
is  of  consequence  also  to  notice  distant  lightning  not  accom- 
panied with  thunder  audible  at  the  place  of  observation, 
especially  if  it  take  place  many  days  in  succession,  and  to 
note  the  quarter  of  the  horizon  where  it  appears,  and  the 
extent  which  it  embraces.  In  an  actual  tJiunder  storm, 
especial  notice  should  be  taken  of  the  quantity  of  rain  which 
falls,  and  of  the  fits  or  intermittances  of  its  fall,  as  correspond- 
ing, or  not,  to  ^eat  bursts  of  lightning,  as  also  of  the 
direction  of  the  wmd,  and  the  apparent  progress  of  the  storm 
with  or  against  it.* 

Reoisters. 

The  Register  proposed  by  the  Council  may  be  comprised 
in  two  skeleton  forms,  whicn  have  been  supplied  to  the  mag- 
netical  observatories  and  to  the  Expedition. 

They  are  each  calculated  for  one  month's  observation. 
The  first  fi)rm  is  for  the  insertion  of  observations  as  tiiey  are 
made  in  their  uncorrected  state.  It  consists  of  12  principal 
divisions,  and  is  ruled  across  for  31  days,  and  for  tne  arith- 
metical convenience  of  casting  up  the  sums  and  means  of  the 
quantities  inserted.  At  the  bottom  of  the  sheet  there  is  also 
a  space  provided  for  the  hourly  observations  of  the  barometer 
ana  thermometers  on  the  twenty-first  day  of  the  month, 
which  will  be  more  particularly  described  after  the  explanation 
of  the  principal  divisions. 

The  outside  compartments,  both  on  the  left  and  right  of 
the  sheet,  are  for  the  date  of  the  month  and  the  phases  of 
the  moon. 

The  second  compartment  is  for  the  height  of  the  barometer, 
and  the  temperature  of  the  mercury  for  the  four  regular 
periods  of  observation. 

The  third  compartment  is  appropriated  to  the  dew-pomt 
hygrometer,  and  contains  also  four  columns  for  the  four  daily 
observations,  each  of  which  is  subdivided  into  three ;  for  tl^ 
temperature  of  the  air,  the  dew-point,  and  the  difference 
between  the  two. 

The  fourth  compartment  is  for  the  wet-bulb  hygrometer, 
and  b  similarly  divided  and  subdivided  for  the  temperature  of 
the  dry-and  wet-bulb  thermometer,  and  for  their  differences. 

The  fifth  compartment  is  prepared  for  the  maxima  and 


•  On  these  safajects  the  Coancil  especially  recemmeiid  the  attentife 
pemsal  of  Arago'r  Nollrrtiir  ie  Tm^mtrrt, 
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nunima  of  temperature,  .and  is  divided  into  three.  In  the 
first  division  are  to  be  recorded  the  maxima  and  minima  of 
thermometers  carefully  placed  in  the  shade  and  screened  from 
radiation.  In  the  second,  the  maxima  of  a  blackened  ther- 
mometer exposed  to  the  sun,  and  the  minima  of  a  thermo- 
meter placed  in  a  metallic  mirror,  and  radiating  freely  to  the 
dear  sky.  The  third  is  devoted  to  occasional  observations  of 
the  actinometer  under  favourable  circumstances. 

The  mxth  compartment  is  for  the  temperature  of  the  sur- 
face-water of  the  sea,  or  of  any  river  in  the  immediate  neigh- 
bourhood of  the  observatory. 

The  seventh  compartment  is  prepared  for  observations  upo^ 
the  direction  and  force  of  the  wind  at  the  four  regular  hours 
of  registry.  In  the  left-hand  column  of  each  division  is  to 
be  recorded  the  direction  of  the  vane,  and  in  the  right-hand 
column  the  height  of  Lind's  gauge,  in  tenUis  of  an  inch 
of  water. 

In  the  eighth  compartment  the  amount  of  rain  is  to  be 
registered  once  in  the  day ;  and  in  the  ninth,  the  electrical 
state  of  the  atmosphere,  if  possible,  at  the  four  periods,  3 
A.  M.,  9  A.  M.,  3  p.  M.,  and  9  p.  m. 

The  tenth  compartment  is  appropriated  to  remarks  on  the 
clouds,  and  weather  generally ;  ana  in  the  eleventh  is  to  be 
noted,  at  noon,  the  longitude  and  latitude  at  sea. 

On  a  careful  review  of  the  month's  observations,  the 
maxima  and  minima  results  should  have  the  algebraic  signs 
+  and — respectively  affixed. 

The  second  form  is  devoted  to  the  corrected  results  of  the 
observations,  and  to  the  optical  comparison  together  of  some 
of  them,  by  their  projection  upon  a  scale  of  e^ual  parts. 

The  upper  half  of  the  sheet  is  vertically  divided  into  two 
equal  parts,  each  prepared  for  half  the  month's  observations, 
and  accordingly  ruled  across  into  sixteen  spaces  for  the  daily 
observations,  and  two  for  the  sums  and  means  of  the  quan- 
tities.    Each  half  is  also  divided  into  five  compartments. 

The  first  is  for  the  date  of  the  month  and  the  phases  of 
the  moon.  * 

The  second  for  the  corrected  height  of  the  barometer  at 
32«^  Fahr. 

The  third  is  appropriated  to  the  elastic  force  of  the  aqueous 
vapour  corresponding  to  the  dew-point,  and  which  may  be 
taken  from  Table  5,  in  the  Appendix  B. 

The  fourth  is  for  the  maximum  and  minimum  of  tempera- 
ture, and  the  mean  of  the  two. 

And  the  fifth  for  occasional  remarks. 

The  lower  half  of  the  sheet  is  also  vertically  divided  into 
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two  equal  parts,  each  of  which  is  similarly  divided  into  31 
columns  for  the  daUy  observations  of  a  month;  and  these 
aaain  subdivided  into  four,  for  the  six-hourly  observations  of 
each  day.  The  vertical  lines  tiius  formed  are  divided  into  6 
bches ;  and  each  inch  into  tenths  of  an  mch,  and  half-tenths, 

bv  horizontal  lines.  ,   .    •    •  ^    j  j  «     ^u 

The  left-hand  compartment  thus  ruled,  is  intended  for  tto 
projection  of  curves  of  temperature ;  for  tiijs  purpo^  each 
tenth  of  an  inch  upon  the  scale  must  be  redioned  a  degree, 
which  wiU  be  divid6d  by  the  faint  Une  into  halves.  , 

The  value  of  the  degree  may  be  arbitranly  fix«d,  and  m- 
serted  in  tiie  margin  according  to  convemence.  Towards  the 
uDoer  part  of  the  scale  the  results  of  the  six-hourly  obser- 
yffions  should  each  be  marked  by  a  dot  m  ite  appropriate 
«»ce,  and  the  dots  may  be  afterwards  connected  by  a  hne. 
^e  temperatures  of  tiie  dew-pomt,  or  of  the  wefr4>ulb 
thermometer,  or  tiie  mean  temperature,  may  be  compred 
witii  this  primary  result  by  projecting  their  curves  in  a  sumlar 
wav  beneatii  it;  and  should  the  observaUons  of  di€«e  pomts 
be  less  frequent  than  four  times  in  tiie  day,  tiie  dady  spaces 
may  easUy  be  divided  accordingly.  .  ,  .  ^    ,. 

The  richt-hand  compartment  is  appropriated  to  tiie  projec- 
tion of  curves  of  pressure,  and  the  four  dady  observations  of 
the  barometer  axe  to  be  marked  by  dots  towards  tiie  upper 
oart  of  tiie  scale  of  inches,  and  afterwards  connected  by  a 
tine  Towards  the  lower  part  of  tiie  scale  the  elastic  force  of 
tiie  'vapour  is  to  be  noted,  and  tiie  marks  to  be  similarly  con- 

nected  by  a  line*  ^ 

On  either  die  scale  of  temperature  or  of  pressure,  occa- 
sional comparisons  may  be  made  with  results  obtained  at 
otiier  stations,  which,  if  judic'ously  selected,  cannot  fad  to 
nrove  of  hiffh  interest  and  importance.  Ihey  should,  how- 
ever, be  laid  down  in  penal,  or  m^arked  by  a  fainter  Une. 

At  tiie  bottom  of  the  first  skeleton  form  wiU  be  found  a 
snace  prepared  for  the  24  hourly  observations  of  the  twenty- 
7rst  day  of  tiie  montii,  both  in  their  uncorrected  and  theff 
correctec^  state.  It  is  divided  into  four  compartmento  for  6 
hours  each.  The  instruments  which  can  witii  most  facihty  be 
observed  in  tiiis  manner,  are  tiie  barometer  witii  jts  attached 
Sjrmometer,  and  tiie  dry^d  wetbulb  tiiermometers ;  and 
inns  are  appropriated  to  each  of  these.  It  is  desirable 
SrSe  meaZ  of  %«M:h  6  hour  should  be  calculated,  and 
spaces  have  been  provided  accordingly  for  tiie  aritimieUcal 

^'^In^S^tinir  up  tiie  sums  and  calculating  tiie  iwaw,  care 
Bhould  be  taken  in  aU  cases  to  verify  the  results  by  repetition ; 
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and  the  Council  recommend  in  every  instance,  before  adding 
up  the  columns,  to  look  down  each  to  see  that  no  obvious 
error  of  entry  (as  of  an  inch  in  the  barometer,  a  very  com- 
mon error)  may  remain  to  vitiate  the  mean  result.  The  pre- 
caution should  also  be  taken  of  counting  the  days  in  each 
column,  so  as  to  make  no  mistake  in  the  divisor. 

The  skeleton  forms  will  be  interleaved  with  blank  pages,  to 
facilitate  computations  and  comparisons,  and  to  afford  space 
for  other  observations  of  atmospheric  phenomena,  which  will 
perpetually  present  themselves  to  those  who  make  it  their 
business  or  their  pleasure  to  watch  the  changes  of  the  weather 
on  a  judicious  plan.  The  Council,  indeed,  wish  it  to  be 
understood,  that,  in  the  suggestions  which  they  have  offered, 
they  hate  taken  into  consideration  only  such  observations  as 
are  iniiispensable  for  laying  the  first  foundations  of  meteoro- 
logical science ;  some  investigations  of  a  more  refined  cbaractw 
they  may,  probably,  make  the  subject  of  a  future  report. 

As  soon  as  the  register  of  a  month's  observations  nas  been 
computed,  it  should  be  copied,  and  the  copy  carefully  com- 

{>area  with  the  original  by  two  persons,  one  reading  ,aloud 
rom  the  original,  and  the  other  attending  to  the  copy,  and 
then  exchanging  parts, — a  process  always  advisable  whenever 
great  masses  of  figures  are  required  to  be  correctly  copied. 

A  copy  so  verified  should  be  transmitted  regularly  to 
such  person  or  public  body,  as,  under  the  circumstances, 
may  be  authorized  or  best  adapted  to  receive  and  discuss  the 
observations. 


ACCOUNT  OF  THE  MAGNETICAL  INSTRU- 
MEN TS  EMPLOYED  AND  OF  THE  MODE  OF 
OBSERVATION  TO  BE  ADOPTED,  IN  THE 
MAGNETICAL  OBSERVATORIES  ABOUT  TO 
BE  ESTABLISHED  BY  HER  MAJESTY'S  GO- 
VERNMENT. 

The  elements  on  which  the  determination  of  the  earth's 
magnetic  force  is  usually  based  are,  the  declination,  the  incli' 
nation^  and  the  intensity.  If  a  vertical  plane  be  conceived 
to  pass  through  the  direction  of  the  force,  that  direction  will 
be  determined  when  its  inclination  to  the  horizon  is  given,  as 
well  as  the  angle  which  the  plane  itself  forms  vrith  the  meri- 
dian ;  and  if,  in  addition  to  tnese  quantities,  we  likewise  know 
the  number  which  expresses  the  ratio  of  the  intensity  of  the 
force  to  some  established  unit,  it  is  manifept  that  the  force  is 
completely  determined. 
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For  many  purposes,  however,  and  especially  in  the  delicate 
researches  connected  with  the  variations  of  the  magnetic 
force,  a  different  system  of  elements  is  preferable.  The  inten* 
sity  being  resolved  into  two  portions  in  the  plane  of  the 
magnetic  meridian,  one  of  them  horizontal  and  the  other 
vertical,  it  is  manifest  that  these  two  components  may  be 
substituted  for  the  total  intensity  and  the  inclination ;  while, 
at  the  same  time,  their  changes  may  be  determined  with  far 
greater  precision.  The  former  variables  are  connected  with 
ue  latter  by  the  relations 

X=Rcosa,  Y=Rsma; 

in  which  R  denotes  the  intensity,  X  and  Y  its  horizontal  and 
vertical  components,  and  0  the  inclination ;  and  the  variations 
of  0  and  R  are  expressed  in  terms  of  the  variations  of  X  and 
Y  by  the  formulae : 

rfO  =  ism2o(^Y_^^^ 

ifR  rfX  rfY 

—  =cos*a— +  sm^a  — 
R  X  Y 

As  the  instruments  destined  for  the  observation  of  these 
elements  (with  a  set  of  which  each  observatory  is  furnished) 
are,  for  the  most  part»  novel  in  form,  it  will  be  useful  to  give 
a  somewhat  detailed  account  of  their  construction  and  various 
adjustments,  before  entering  on  the  plan  of  observation  to  be 
pursued. 

Declination  Magnetometer. 

Construction. — The  essential  part  of  the  declination  mag- 
netometer is  a  magnet  bar,  suspended  by  fibres  of  untwisted 
silk,  and  inclosed  m  a  box,  to  protect  it  from  the  agitation  of 
the  air.  The  bar  is  a  rectangular  parallelopiped,  15  inches  in 
length,  |ths  of  an  inch  in  breadth,  and  \ihoi  an  inch  in  thick- 
ness. In  addition  to  the  stirrup  by  which  the  bar  is  suspended  it 
is  furnished  with  two  sliding  pieces,  one  near  each  end.  One 
of  these  pieces  contains  an  achromatic  lens,  and  the  other  a 
finely  divided  scale  of  glass ;  the  scale  being  adjusted  to  the 
focus  of  the  lens,  it  is  manifest  that  the  apparatus  forms  a 
moving  collimator,  and  that  its  absolute  position  at  any 
instant,  as  well  as  its  changes  of  position  from  one  instant  to 
another,  may  be  read  off  by  a  telescope  at  a  distance.  Tlie 
aperture  of  the  lens  of  this  collimator  is  \^  inch,  and  its 
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focal  length  about  12  inches.  Each  division  of  the  scale  is 
•^Vr^h  part  of  an  inch ;  and  the  corresponding  angulai-  quan- 
tity is  about  43  seconds. 

To  the  suspension  thread  is  attached  a  small  cylindrical  bar, 
the  ends  of  which  are  of  smaller  diameter,  and  support  the 
stirrup  which  carries  the  magnet.  The  apertures  in  the  stirrup, 
by  which  it  hangs  on  the  cylinder,  are  of  the  form  of  inverted 
Y*8,  so  that  the  bearing  pomts  are  invariable.  A  second  pair 
of  apertures  at  the  other  side  of  the  magnet,  serves  for  the 

J)urpose  of  inversai ;  and  care  has  been  taken  to  render  the 
ines  connecting  the  bearing  points  of  each  pair  of  Y's  parallel, 
so  that  there  may  be  no  difference  in  the  amount  of  torsion 
of  the  thread  in  the  two  positions  of  the  stirrup.  The  two 
pairs  of  apertures  are  at  different  distances  from  the  magnet, 
m  order  that  the  line  of  collimation  may  remain  nearly  at  the 
same  hefght  on  inversai,  and  thus  it  may  not  be  necessary  to 
alter  the  length  of  the  suspension  thread.  The  stirrup,  and 
the  other  sliding  pieces,  are  formed  of  gun  metaL 

For  the  purpose  of  taking  out  the  torsion  of  the  suspension 
thread,  the  apparatus  is  furnished  with  a  detorsion  bar^ 
which  (with  its  appendages)  is  of  the  same  weight  as  the 
magnet.  It  is  a  rectangular  bar  of  gun-metal,  furnished  with 
a  stirrup  and  collimator  similar  to  those  of  the  magnet.  A 
rectangular  aperture  in  the  middle  receives  a  small  magnet, 
the  use  of  which  is  to  impart  a  slight  directive  force  to  the 
suspended  bar,  and  without  which  the  final  adjustment  of 
detorsion  would  be  tedious  and  difficult. 

The  frame-work  of  the  instrument  consists  of  two  pillars 
of  copper,  35  inches  in  height,  firmly  screwed  to  a  massive 
marble  base.  These  pillars  are  connected  by  two  cross  pieces 
of  wood,  one  at  the  top,  and  the  other  7  inches  from  the 
bottom.  In  the  centre  of  the  top  piece  is  the  suspension 
apparatus,  and  a  divided  circle  used  in  determinmg  the 
amount  of  torsion  of  the  thread.  A  glass  tube  (between  this 
and  the  middle  of  the  lower  cross  piece)  encloses  the  suspen- 
sion |thread ;  and  a  glass  cap  at  top  covers  the  suspension 
apparatus,  and  completes  the  enclosure  of  the  instrument. 

The  box  is  cylindrical,  its  dimensions  being  20  inches  in 
diameter  by  7  inches  in  depth.  It  rests  upon  the  marble  slab, 
and  encompasses  the  pillars ;  and  it  is  so  contrived  as  to  be 
raised,  when  necessary,  for  the  purpose  of  manipulation. 
There  are  two  apertures  in  the  box,  opposite  to  each  other. 
The  aperture  in  front,  used  for  reading,  is  covered  with  a 
circular  piece  of  parallel  glass,  attached  to  a  rectangular 
frame  of  wood  which  moves  in  dovetails ;  the  prismatic  error 
of  the  glass  (if  any)  is  corrected  by  simply  reversing  the 
Vol.  IV.— No.  24,  Aprily  1840.  II  h 
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slider  in  the  dovetails.  The  opposite  aperture  is  for  the  illu- 
mination of  the  scale. 

In  addition  to  the  parts  abovementioned,  the  instrument  is 
provided  with  a  second  magnet,  of  the  same  dimensions  as 
the  first,  to  be  used  in  measurements  of  absolute  intensity;  a 
thermometer,  the  bulb  of  which  enters  the  box,  in  order  to 
determine  the  interior  temperature ;  and  a  copper  ring,  for 
the  purpose  of  checking  the  vibrations. 

Adjustment — The  instrument  having  been  placed  on  its 
support,  the  base  is  to  be  levelled,  and  the  whole  then  fixed 
in  its  place.  The  levelling  of  the  base  may  conveniently  be 
performed  bjr  the  aid  of  a  plumb-line  hanging  in  the  place  of 
the  suspension  thread ;  but  no  great  precision  is  required  in 
this  operation,  the  chief  object  of  which  is  that  the  suspen- 
sion thread  may  occupy  the  middle  of  the  tube,  and  that  the 
magnet  may  be  central  with  regard  to  its  support.  The  sus- 
pension thread  is  then  to  be  formed,  and  attached  at  one 
extremity  to  the  roller  of  the  suspension  apparatus,  and  at 
the  other  to  the  small  cylinder  which  is  to  bear  the  stirrup 
and  magnet.  Sixteen  fibres*  of  untwisted  silk  are  sufficient 
to  bear  double  the  load  without  breaking,  and  will  be  found 
to  form  in  other  respects  a  convenient  suspension. 

These  preparations  being  made,  the  adjustments  are  the 
following : 

1.  The  sliders  being  placed  on  the  magnet,  the  scale  is  to 
be  adjusted  to  the  focus  of  the  lens,  and  in  such  a  manner 
that  the  centre  of  gravity  of  the  sliders  may  be  near  the 
middle  of  the  bar.  The  adjustment  to  focus  has  been  already 
made  by  the  artist,  and  the  corresponding  distances  of  the 
sliders  measured ;  they  will  be  found  in  Table  1. 

2.  The  magnet  is  to  be  connected  with  the  suspension 
thread  by  means  of  the  stirrup,  and  to  be  moved  in  the  stirrup 
until  it  assumes  the  horizontal  position.  This  adjustment 
may  be  conveniently  effected  by  means  of  the  image  of  the 
magnet,  reflected  from  the  surface  of  water  or  mercury,  the 
object  and  its  reflected  ima^e  being  parallel  when  the  former 
is  horizontal.  The  stirrup  is  then  fastened  by  its  screws,  and 
the  magnet  wound  up  to  the  desired  height.  As  the  thread 
stretches  considerably  at  first,  allowance  should  be  made  for 
this  in  the  height. 

3.t  The  magnet  is  then  removed,  and  the  unmagnetic  bar 


*  Not  the  individual  fibre  of  the  silk- worm,  bot  the  compoand  fibre  in  the 
state  in  which  it  is  prepared  for  spinning. 

f  It  is  obvious  that  this  step  of  the  a4justment  may  precede  the  1st  and 
2nd»  where  a  saving  of  Ume  is  important 
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(haying  its  collimator  similarly  adjusted)  is  to  be  attached, 
widiout  its  small  magnet,  and  allowed  to  swing  for  several 
hours.  The  bar  having  come  to  rest,  or  nearly  so,  its  devia- 
tion from  the  magnetic  meridian  is  to  be  estimated^  and  the 
moveable  arm  of  the  torsion  circle  turned  through  the  same 
angle  in  an  opposite  direction.  The  plane  of  detorsion  then 
coincides,  approximately,  with  the  magnetic  meridian. 

4.  The  magnet  is  then  to  be  substituted  for  the  unmagnetic 
bar,  and  the  telescope  being  directed  towards  the  collimator, 
the  point  of  the  scale  coinciding  with  the  vertical  wire  is  to  be 
noted  when  the  magnet  is  in  the  direct  and  inverted  positions. 
Half  the  sum  of  these  readings  is  the  point  of  the  scale  cor- 
responding to  the  magnetic  axis  of  the  magnet  bar ;  and  half 
their  difference  (converted  into  angular  measure)  is  the  devia- 
tion of  the  line  of  coUimation  of  the  telescope  from  the  mag- 
netic meridian.  The  telescope  should  be  moved  through  this 
angle  in  the  opposite  direction. 

5.  In  order  to  take  out  the  remaining  torsion  of  the  thread, 
the  magnet  is  again  to  be  removed,  and  the  unmagnetic  bar 
(with  its  small  magnet  attached)  substituted.  The  deviation 
of  this  bar  from  the  magnetic  meridian  should  then  be  read 
off  on  its  divided  scale,  and  the  moveable  arm  of  the  torsion 
circle  turned  through  a  given  angle  in  the  opposite  direction. 
The  deviation  being  again  read,  a  simple  proportion  will  give 
the  remaining  angle  of  torsion ;  and  the  moveable  arm  being 
turned  through  this  angle  in  the  opposite  direction,  another 
observation  will  serve  to  verify  the  acQustment.  The  plane 
of  detorsion  then  coincides  with  the  magnetic  meridian ;  and 
the  magnet  being  replaced,  the  instrument  is  ready  for  use. 

Observations. — The  observations  to  be  made  with  this  in* 
strument  are,  1.  of  the  absolute  declination;  2.  of  the 
variations  of  the  declination;  and  3.  of  the  absolute  in-f 
tensity. 

For  measurements  of  the  absolute  declination  each  obser- 
vatory is  furnished  with  a  small  transit  instrument  having  an 
azimuth  circle.  This  instrument  being  placed  in  the  magnetic 
meridian  of  the  declination  instrument,  the  point  of  the  scale 
coinciding  with  the  central  wire  of  the  transit  telescope  is  to 
be  observed ;  the  interval  between  this  point  and  the  point^ 


*  In  detennining  this  point  by  the  mean  of  two  readings  of  the  scale  with 
the  bar  erect  and  inrertea,  care  must  be  taken  to  eliminate  the  declination 
cbanses  which  may  occur  in  the  interval  of  the  two  parts  of  the  observation. 
The  horizontal  force  magnetometer  may  be  applied  to  the  purpose  of  this 
elimination.  But  perhaps  the  simplest  course  is  to  take  a  seriet  of  readings 
tf  rapidly  as  poesime,  alternately  in  the  two  positions  of  the  bar,  choosing 
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corresponding  to  the  magnetic  axis  of  the  bar,  converted  into 
angular  measure,  is  the  deviation  (S)  of  the  line  of  eollimation 
of  the  transit  telescope  from  the  magnetic  meridian.  The 
verniers  of  the  horizontal  circle  being  then  read,  the  telescope 
is  turned,  and  its  central  wire  made  to  bisect  a  distant  mark, 
whose  azimuth  (a)  has  been  accurately  determined.  If  a 
denote  the  angle  read  off  on  the  horizontal  circle,  it  is  mani- 
fest that  the  angle  between  the  magnetic  and  the  astronomical 
meridians  is 

a-i-  a  +  S^ 

a  and  ^  being  affected  with  their  proper  si^s.  The  angle  a 
is  supposed  to  have  been  previously  determmed  by  the  help  of 
the  transit  instrument. 

But  instead  of  referring  the  transit  telescope  directly  to 
the  magnetic  meridian  by  means  of  the  moving  collimator, 
the  same  result  will  be  obtained,  and  probably  in  a  better 
manner,  by  referring  it  to  the  line  of  eollimation  of  the  Jixed 
telescope^  with  which  the  changes  of  the  declination  are 
regularly  observed*  For  this  purpose  it  is  only  necessary  to 
employ  the  latter  telescope  as  a  collimator,  the  telescope  being 
reversed  in  its  Y  supports,  if  necessary.  A  fixed  collimator 
may  also  be  conveniently  substituted  for  the  distant  mark. 
This  mode  of  observation  has  the  advantage  of  connecting 
the  absolute  determination  directly  with  the  regular  series  of 
observations ;  and  it  is  manifest  that  it  is  sufficient,  without 
any  other  means,  to  determine  whether  any,  and  what  changes 
may  have  occurred  in  the  position  of  the  fixed  telescope. 

'rhe  fixed  telescopes,  furnished  to  each  observatoiy,  have 
an  aperture  of  If  inches,  and  focal  length  of  14  inches. 
They  should  be  fixed  upon  a  stone  pillar,  or  upon  a  firm 
pedestal  of  wood  resting  on  solid  masonry  unconnected  with 
the  floor. 

In  observing  the  declination  changes  the  fixed  telescope 
(above  referred  to)  is  alone  employed.  The  observation  con- 
sists simply  in  noting  the  point  of  the  scale  coinciding  with 
the  vertical  wire,  at  three  successive  limits  of  the  arc  of 
vibration.  The  three  readings  bein^  denoted  by  a,  &,  c,  the 
mean  point  of  the  scale  correspondmg  to  the  time  of  the 
middle  observation  is 

J  (a  +  2  6  +  c). 


for  the  time  of  observation  a  period  when  the  declination  changes  are  slow  and 
regular.  By  comparing  each  result  with  the  mean  of  the  pre^dUng  and  sob- 
sequent,  and  then  taking  the  mean  of  all  these  partial  means,  a  rtry  accormtr 
determinaUon  may  be  obtained. 
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This  mode  of  observation  is  sufficient  where  the  observer  is 
not  limited  to  a  precise  moment  of  observation.  Otherwise 
the  more  exact  method  pointed  out  by  Gauss  is  to  be  pre* 
ferred. 

The  changes  of  position  of  the  scale  may  be  converted  into 
angular  measure,  the  angle  corresponding  to  one  division, 
being  known.  In  general,  however,  this  reduction  ynUl  only 
be  required  in  the  monthly  mean  results. 

Before  the  true  changes  of  the  declination  can  be  deduced 
from  the  observed  readings,  it  is  necessary  to  apply  a  correc- 
tion depending  upon  the  force  of  torsion  of  the  suspension 
thread.  For  supposing  that  the  plane  of  detorsion  has  been 
brought  (by  the  adjustments  above  described)  to  coincide  with 
the  magnetic  meridian,  it  is  manifest  that  on  every  deviation 
of  the  magnet  fix)m,  that,  its  mean  position,  the  torsion  force 
will  be  brought  into  play ;  and  as  this  force  tends  to  bring 
back  the  magnet  to  the  mean  position,  the  apparent  deviations 
must  be  less  than  the  true.  The  ratio  of  the  torsion  force,  to 
the  magnetic  directive  force,  is  experimentally  determined  by 
turning  the  moveable  arm  of  the  torsion  circle  through  any 
given  large  angle  (for  example  90®),  and  observing  the  corres- 
ponding angle  through  which  the  magnet  is  deflected.  Let 
u  denote  the  latter  angle,  and  v  the  former ;  then  the  ratio  in 
question  is, 

G  u 

F       V — u 

in  which  G  is  the  co-efficient  of  the  torsion  force,  and  F  the 
moment  arising  from  the  action  of  the  earth's  magnetic  force 
upon  the  free  magnetism  of  the  bar,  the  direction  of  the  acticm 
being  supposed  to  be  perpendicular  to  its  magnetic  axis.  The 
ratio  of  the  two  forces  being  thus  found,  the  true  declination 
changes  are  deduced  from  die  apparent,  by  multiplying  them 
by  the  co-efficient 

G 
1  +  — • 
F 

In  order  to  obtain  an  exact  result  by  the  mode  of  experi- 
ment above  described,  it  is  necessary  that  the  actual  change^ 
of  the  declination  which  may  occur  in  the  interval  of  the  two 
readings,  should  be  eliminated.  The  obvious  method  of 
accomplishing  this,    is  to  observe  the  declination  changes 
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simultaneously  with  a  second  apparatus.  If  such  means, 
however,  should  not  be  at  hand,  the  object  may  be  attamed 
by  making  a  series  of  readings  with  the  vernier  of  the  torsion 
circle  alternately  in  two  fixed  positions  (for  example  +  90°  and 
—  90° ) ;  the  mean  result  will  be  independent  of  the  declina- 
tion changes,  provided  the  progress  of  these  changes  has  been 
gradual  in  the  interval  of  the  experiment 

For  the  purpose  of  determining  the  absolute  intensity  of 
the  horizontal  component  of  the  earth's  magnetic  force,  the 
decUnation  instrument  is  provided  with  a  deflecting  bar,  and 
a  beam  compass  to  be  used  in  measuring  its  distance  from  the 
suspended  magnet.  The  mode  of  observation  has  been  so 
liilly  explained  by  Gauss,  in  his  valuable  memoir  entitled 
"  Intensitas  vis  terrestris  ad  mensuram  ahsolutam  revocata,^ 
and  in  the  first  volume  of  the  "  liesultatey^  that  it  is  unneces- 
sary to  enter  here  into  any  details. 


The  following  table  contains  the  inteh^al  of  the  sliders  of 
the  collimators,  corresponding  to  focal  adjustment ;  and  also 
the  arc  values  of  one  mvision  of  the  scale  in  each  instrument, 
expressed  in  decimals  of  a  minute. 

Table  1. 


No.  of 
Instrument 

Obaerratoiy. 

Intorralof 
Sliders. 

Arc  Tslue  of 
one  division. 

I. 

II. 

III. 

IV. 
V. 

H.M.S.  Erebus 

Van  Diemen's  Tjand 
Montrefll.. ............. 

inches. 
11-70 
12-01 
11-72 
11-18 
11-96 

6-7267 
0-7085 
0-7208 
0-7525 
0-7108 

Cape  of  Good  Hope 
St  Helena. 

Horizontal  Force  Magnetometer. 

The  instrument  employed  in  determining  the  horizontal  com- 
ponent of  the  earth^s  magnetic  force  is  similar,  in  principle, 
to  the  "  biiUar  magnetometer*^  of  Gauss.  It  is  a  magnet  bar, 
suspended  by  two  equi-distant  wires,  or  (more  accurately)  by 
two  portions  of  the  same  wire,  the  distance  of  whose  bearing 
points  is  the  same  above  and  below;  b^  the  rotation  of  the 
upper  extremities  of  the  wire  round  then:  middle  point,  the 
magnet  is  maintained  in  a  position  at  right  angles  to  the  mag- 
netic meridian. 


Digitized  by  VjOOQ IC 


Expedition  to  the  Antarctic  Regions.  459 

It  is  manifest  from  the  nature  of  this  suspension,  that  the 
weight  of  the  suspended  body  will  tend  to  bring  it  into  the 
position  in  which  the  two  portions  of  the  wire  are  in  the  same 
plane  throughout.  The  moment  of  the  directive  force  is 
G  sin  t? ; — v  denoting  the  angle  formed  by  the  lines  joining  the 
bearing  points  above  and  below,  or  the  deviation  from  the 
plane  of  detorsion ;  and  G  being  expressed  by  the  formula 

a« 
G=«r— ; 
/ 

in  which  tr  denotes  the  weight  of  the  suspended  body,  a  half 
the  interval  of  the  wires,  and  /  their  length.  The  earth's 
magnetic  force^  on  the  other  hand,  tends  to  bring  the  mag- 
netic axis  of  the  bar  into  the  magnetic  meridian  with  the  force 
F  sin  u ;  in  which  u  is  the  deviation  of  the  magnetic  axis 
firom  the  meridian,  and  F  is  the  product  of  the  horizontal  part 
the  earth's  magnetic  force  into  the  moment  of  free  magnetism 
of  the  bar.  The  magnet  being  thus  acted  on  by  two  forces, 
will  rest  in  the  position  in  wUch  their  moments  are  equal 
When  the  instrument  is  so  adjusted  that  u  =  90°,  or  the 
magnet  at  right  angles  to  the  magnetic  meridian, 

F  =  G  sin  «;  ; 

and  the  ratio  of  the  forces  is  known,  when  we  know  the  angle 
V.  But  as  one  of  these  forces  is  constant,  and  the  other 
variable,  it  is  evident  that  the  place  of  the  magnet  will  vary 
around  its  mean  position,  and  that  the  variations  of  angle  are 
connected  with  the  variations  of  the  force.  This  connexion  is 
expressed  by  the  formula 

rf  F  =  F cotan  v  .  du; 

the  angle  d  u  being  expressed  in  parts  of  radius. 

Construction. — ^The  magnet  bar  is  of  the  same  dimensions 
as  that  of  the  declination  instrument.  The  collimator,  by 
which  its  changes  of  position  are  observed,  is  attached  to  the 
stirrup,  and  has  a  motion  in  azimuth.  The  suspending  wire 
passes  round  a  small  grooved  wheel,  on  the  axis  of  which  the 
stirrup  rests  by  inverted  Y» ;  and  the  instrument  is  furnished 
with  a  series  of  such  wheels,  whose  diameters  increase  in 
arithmetical  progression,  (the  common  difference  being 
about  ^th  of  an  inch,)  for  the  purpose  of  varying  the  interval 
of  the  wires.  The  exact  intervals,  corresponding  to  each 
separate  wheel,  have  been  determined  by  the  artist  by  accurate 
micrometrical  measurements;  they  are  given  in  Table  UI. 
The  same  interval  is  altered,  at  the  upper  extremity,  by 
means  of  two  screws  (one  right-handed  and  the  other  left- 
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handed)  cut  in  the  same  cylinder ;  the  wires  being  lodged  in 
the  inten^als  of  the  threads,  and  their  distance  regulated  by  a 
micrometer  head.  The  interval  of  the  threads  of  this  screw 
(which  is  precisely  the  same  for  all  the  instruments)  is  tV^s, 
or  "02597  of  an  inch.  The  micrometer  head  is  diAdded  into 
100  parts  ;  and,  as  one  revolution  of  the  head  corresponds  to 
two  threads  of  the  screw,  a  single  division  is  equivalent  to 
•0005194,  or  the  ^^nrth  of  an  inch  nearly.  The  micrometer 
head  has  been  carefully  adjusted  by  the  artist,  so  that  the 
index  is  at  zero,  when  the  interval  of  the  wires  is  exactly  half 
an  inch. 

The  collimator,  in  this  instniment,  is  enclosed  in  a  light 
tube  attached  to  the  stump.  The  aperture  of  the  lens  is 
about  Truths  of  an  inch,  and  its  focal  length  about  8  inches. 
The  divisions  of  the  scale  are  the  same  as  in  the  collimator 
of  the  declination  magnetometer ;  the  corresponding  arc  values 
have  been  ascertained  for  each  instrument  by  accurate  expe- 
riment, and  are  given  in  Table  II. 

The  larger  parts  of  this  apparatus, — ^the  box,  the  framework, 
and  the  support, — are  precisely  similar  to  those  of  the  declina- 
tion magnetometer.  In  addition  to  the  parts  already  described, 
the  instrument  is  furnished  with  a  spare  magnet ;  a  brass 
weight,  required  in  determining  the  plane  of  detorsion  of  the 
wires  relatively  to  the  magnetic  meridiaj;! ;  a  thermometer,  the 
bulb  of  which  is  within  the  box,  for  the  purpose  of  ascertain- 
ing the  interior  temperature;  and  a  copper  ring  used  in 
checking  the  vibrations. 

Adjustments. — ^The  instrument  being  placed  on  its  support, 
the  base  is  to  be  levelled,  and  the  whole  apparatus  fixed. 
Having  then  selected  one  of  the  small  grooved  wheels,  and 
fixed  it,  temporarily,  with  its  axis  horizontal,  the  wire  is  to 
be  passed  round  it ;  and  the  free  extremities  of  the  wire  being 
passed  through  the  corresponding  holes  in  the  suspension 
roller,  placed  beneath,  weights  are  to  be  attached,  and  the 
two  portions  of  the  wire  allowed  to  assume  their  natural  posi- 
tion ;  the  extremities  may  then  be  fastened  to  the  roUer,  by 
introducing  small  wooden  plugs  in  the  holes.  The  parts  are 
then  to  be  inverted,  and  put  in  their  proper  places ;  the  sus- 
pension apparatus  resting  on  the  divided  circle,  and  the  wire 
hanging  down  the  tube. 

The.  collimator  (its  scale  having  been  previously  adjusted 
to  focus*)  is  to  be  screwed  on  to  the  stirrup,  and  the  latter 
attached  to  the  axis  of  the  grooved  wheel  by  means  of  its 
Y's.     The  magnet  is  then  introduced  into  die  stirrup  and 

^  This  adjustment  has  been  already  made  by  the  artist. 
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krelled*;  and  the  wires  wound  upon  the  roll&c,  until  the  colli- 
mator is  at  the  desired  height 

These  preparations  being  made,  the  adjustments  are  the 
following: 

I9  Determine  experimentally  the  angle  through  which  it  is 
necessary  to  turn  the  moveable  arm  of  the  torsion  circle,  in 
order  to  deflect  the  magnet  from  the  magnetic  meridian  to  a 
position  at  right  angles  to  it,  the  two  positions  being  merely 
esiimaied.  Tlie  cosine  of  this  angle  is,  approximately,  the 
ratio  of  the  magnetic  force  to  the  torsion  force,  or  the  value 

F 

of  the  fraction-p.    The  nearer  this  ratio  is  to  unity,   the 

more  delicate  will  be  the  instrument;  practically,  -fjf  will  be 
found  a  convenient  value.  I^  on  making  the  foregoing 
experiment,  the  ratio  should  be  found  to  &11  below,  or  to 
exceed  the  proper  limits,  the  torson  force  must  be  altered  by 
introducing  a  <ufierent  wheel,  and  making  the  corresponding 
alteration  in  the  interval  of  the  upper  extremities  of  the 
wires. 

2.  The  magnetic  axis  being  brought,  approximately,  into 
the  magnetic  meridian,  by  turning  tibe  moveable  arm  of  the 
torsion  circle,  the  collimator  is  to  be  turned,  by  its  independent 
motion,  until  some  point  about  the  middle  of  the  scale  coin- 
cides with  the  vertical  wire  of  the  fixed  telescope.  This  point 
of  the  scale  is  to  be  noted  in  the  usual  manner. 

3.  The  magnet  is  then  to  be  removed,  and  the  brass  weight 
attache-d.  Note  the  new  point  of  the  scale  which  coincides 
with  the  wire  of  the  telescope.  Then,  if  the  magnet  had  been 
placed  (in  the  previous  experiment)  in  its  direct  position  (i.  e. 
north  to  north)  the  error  of  the  plane  of  detorsion  is 


0-> 


V  being  the  difference  of  the  two  readings,  converted  into 
angular  measure.  K,  on  the  other  hand,  the  magnet  had  been 
reversed  (L  e.  north  end  to  south)  the  error  is 


<?-') 


The  moveable  arm  of  the  torsion  circle  is  then  to  be  turned 
through  this  angle,  in  the  ^^posite  direction ;  and  the  mag- 
netic axis  wUl  be  in  the  magnetic  meridian. 

The  differ^ice  of  the  two  readings,  corresponding  to  a 
given  error,  being  much  greater  in  the  reversed  than  m  the 
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direct  position  of  the  magnet,  it  follows  that  the  former 
affords  a  much  more  delicate  method  of  making  the  desired 
adjustment 

4.  The  brass  weight  remaining  attached,  turn  the  moreable 
arm  of  the  torsion  circle  through  90^.  Then  turn  back  the 
collimator,  until  some  point  about  the  middle  of  the  scale 
coincides  with  the  verticle  wire  of  the  fixed  telescope;  and 
note  the  reading. 

5.  Now  remove  the  brass  weight,  and  replace  the  magnet 
The  magnetic  force  of  the  earth  will  bring  it  back  towards  the 
magnetic  meridian,  and  the  scale  will  be  thrown  out  of  the 
field  of  the  telescope.  Then  turn  the  moveable  arm  of  the 
torsion  circle  until  tbe  point  of  the  scale  last  noted  is  brought 
to  coincide  again  with  the  wire  of  the  telescope ;  the  magnetic 
axis  is  then  in  the  plane  perpendicular  to  the  magnetic  meri- 
dian, and  the  a^ustment  is  complete. 

Observations. — ^The  observations  to  be  made  with  this 
instrument  are  those  of  the  absolute  value  of  the  horizontal 
intensity^  and  its  changes. 

From  the  explanation  of  the  principle  of  the  instrument, 
given  above,  it  is  manifest  that  it  will  serve  to  determine  the 
moment  of  the  force  exerted  by  the  earth  upon  the  bee 
magnetism  of  the  suspended  bar.  Let  X  denote  (as  before) 
the  horizontal  part  of  the  earth^s  magnetic  force;  m  the 
moment  of  firee  magnetism  of  the  bar ;  then 

wX  =  F, 

F  having  the  same  meaning  as  before  (page  230.)  Hence^ 
substituting  the  values  of  F  and  6,  we  have 

mX  =  w — sint?; 
I 

in  which  equation  all  the  quantities  of  the  second  member 
may  be  obtained  by  direct  measurement.  The  chief  difficulty 
in  this  method  consists  in  the  determination  of  the  quanti^  a, 
which  should  be  known  to  a  very  small  fi:actional  part  of  its 
actual  value.  This  difficulty  has  been  overcome  by  the  measur- 
ing apparatus  connected  with  the  suspension,  which  (as  has 
been  already  stated)  serves  to  determine  the  interval  of  the 
wires,  at  their  upper  extremity,  to  the  T^th  of  an  inch.  The 
numbers  given  in  Table  III.  for  the  lower  interval,  may  be 
relied  on  to  the  same  degree  of  accuracy.  It  is  scarcdy 
necessary  to  mention  that  die  length  of  the  wires',  /,  is  to  be 
measured  between  the  points  of  contact  above  and  below. 
The  product  of  die  earth's  magnetic  force  into  the  magnetic 
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moment  of  the  bar  being  tlnis  known,  the  ratio  of  the  same 
qoantitieB  is  to  be  determined  by  removing  the  bar  from  the 
stiirup,  and  nsing  it  to  deflect  the  suspended  bar  of  the 
decUnadon  instnunenty  according  to  the  known  method 
devised  by  Grauss.  The  experiments  of  deflection  may, 
however,  be  performed  without  the  aid  of  the  second  magne- 
tometer, by  operating  upon  another  bar  placed  in  the  reverse 
position.  This  method  has  even  the  aavantage  in  point  of 
deUcacy ;  but  it  labours  under  the  disadvantage  of  requiring 
that  the  value  of  p 

-pr  should  be  determined  for  the  second  bar. 
It 

The  chief  use  of  this  apparatus  is  in  observing  the  t^rtafum^ 
of  the  intensify.  In  these  observations  it  is  oi^y  necessary  to 
note,  at  any  moment,  the  point  of  the  scale  coinciding  with 
the  vertical  wire  of  the  fixed  telescope,  the  mode  of  observing 
being  precisely  the  same  as  in  the  other  instrument  Let  n  be 
the  number  of  divisions,  and  parts  of  a  division,  by  which 
the  reading  at  any  moment  differs  from  its  mean  value;  then 
the  corresponding  variation  of  the  angle  (in  parts  of  ra<hus)  is 

du  ss^n  a; 

a  denoting  the  arc  value  (in  parts  of  radius)  corresponding  to 
a  single. ^vision.  Substituting  this  in  the  formula  of  page 
459,  we  have 

dV  ^    ,  . 

---. t=na cotan  v^^kn: 
F 

it  being  the  value  of  the  constant  co-efficient  a  cotan  v.  The 
values  of  a  have  been  determined  for  each  of  the  instruments, 
and  are  given  in  Table  U. 

The  quantify  F.  in  the  preceding  formula,  is  the  product  of 
the  earth^s  magnetic  force  into  the  moment  of  free  magnetism 
of  the  bar ;  and  as  the  latter  quantity  varies  with  the  tempe- 
rature, it  is  necessary  to  apply  a  correction,  before  we  can 
infer  tiie  true  changes  of  the  earth^s  force.  This  correction 
is  easily  deduced.     Since  F  =  X  m,  there  is 

d¥      dX     dm 
F  "  X        m' 

80  that  the  correction  to  be  applied,  in  order  to  deduce  the 

▼alue  ofcfX.        dm       tx^j      **!.-. 

— ,  IS •      Let  t  denote  the  temperature,  m 
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degrees  of  Fahrenheit;  q  ihe'rdadve  change  of  the  magnetic 
moment  coiresponding  to  one  degree ;  then 

dm 

=  ?(/— 82). 

m 

Accordingly,  the  changes  of  the  earth^s  force  will  be  expressed 
b  J  the  formula 

rfX 

_  =  A:»+yU  — 82). 
X 

It  is  not  necessary  that  these  reductions  should  be  applied  to 
the  individual  results,  except  in  cases  of  marked  change, 
where  it  is  desired  to  trace  the  progress  of  the  actual  phenome- 
na. The  results  should  be  recorded  as  they  are  observed, 
in  part$  of  the  scale ;  and  the  reductions  made  in  the  monthly, 
or  other  meai^  values. 


Table  II.  contains  the  arc  values  of  one  division  of  the 
scale,  in  each  instrument,  expressed  in  decimals  of  a  minute; 
as  also  the  same  quantities  reduced  to  radittSy  as  the  imit  by 
multiplying  by  the  number  '0002909. 

Table  III.  contains  the  intervals  of  the  axis  of  the  wires 
corresponding  to  each  wheel,  in  decimals  of  an  inch; 
the  wire  used  being  that  designated  in  commerce  as  *^  silver 
fine  6.'* 

Table  II. 


No.  of 

Observatory. 

Are  Talnes  of  oae  diTiibMk 

Instrument. 

(n  Minutes.      In  parts  of  lUdios. 

I. 

IL 
III. 
IV. 
V. 

H.M.S.  Erebus  .... 
VanDiemen'sLand 
Montreal 

1-075 
1-080 
1074 
1-084 
1080 

-0003127 
-0003142 
•0008124 
-0003153 
-0003142 

CapeofGoodHope 
St  Helena 
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Table  m. 


N»of 

WlMcl. 

L 
H.MS. 

Erebat. 

U. 

Van  Diemen'* 

Luid. 

m. 

MoatiMl 

IV. 

CapeofG«od 

Hope. 

V. 
St  Helena. 

1 
2 
3 
4 
5 
6 
7 
8 

•2536 
•3032 
•3529 
•4058 
•4562 
•5055 
•5556 
•6071 

•2549 
•3058 
•8516 
•4088 
•4555 
•6071 
•5604 
•6071 

•2529 
•3055 
•3529 
»4078 
•4581 
•5042 
•5588 
•6071 

•2542 
•3055 
•3497 
•4052 
-4555 
■5055 
•5565 
•6097 

•2536 
•3065 
•3513 
•4071 
•4545 
•5058 
•5591 
•6081 

Vertical  Force  Magnetometer. 

The  in«trument  used  in  detennming  the  changes  of  the  wrti- 
col  component  of  the  magnetic  force  is  a  magnetic  needle 
resting  on  agate  planes,  bj  knife  edges,  and  brought  to  the 
horizontal  position  by  weights.  From  the  changes  of  position 
of  such  a  needle,  the  changes  of  the  vertical  force  may  be 
inferred,  when  we  know  the  mean  inclination  at  the  place  of 
observation,  the  azimuth  of  the  plane  in  which  the  needle 
mores,  and  the  angle  which  the  line  connecting  the  centre  of 
gravity  and  centre  of  motion  makes-  with  the  magnetic  axis. 
As,  however,  the  determination  of  this  latter  constant  would 
involve  the  necessiQr  of  considerable  additions  to  the  appara* 
tus,  the  plan  adopted  has  been  to  adjust  the  needle  so  that  the 
angle  in  question  shall  be  nothing.  The  centre  of  gravity 
being  thus  brought  to  some  i)oint  of- the  magnetic  axis,  the 
changes  of  the  vertical  force  are  connected  with  the  changes  of 
the  position  of  the  needle  by  the  formula. 

iF 

-=-=  cos  a.  cotan  .  ^  cf  t; 
r 

d  i  denoting  the  change  of  angle  in  parts  of  radius,  a  the 
azimuth  of  the  plane  in  which  the  needle  moves,  and  0  the 
inclination. 

Construction. — ^The  magnetic  needle  is  12  inches  in  length. 
It  ha3  a  cross  of  wire9  at  each  extremity,  attached  by  means 
of  a  small  ring  of  copper ;  the  interval  of  the  crosses  being 
13  inches.  The  axis  of  the  needle  is  formed  at  (me  part  into 
a  knife  edge^  and  at  the  opposite  into  a  portion  of  a  cylindery 
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having  this  edge  for  its  axis,  the  edge  being  adjusted  to  pass 
as  nearly  as  possible  through  the  centre  of  gravity  of  the 
unloaded  instrument.  The  weights  by  which  die  other 
adjustments  are  effected  are  small  brass  screws  moving  in  fixed 
nutSy  one  on  each  arm ;  the  axis  of  one  of  the  screws  being 
parallel  to  the  magnetic  axis  of  the  needle,  and  that  of  the 
other  perpendicular  to  it. 

The  agate  planes  upon  which  the  needle  rests  are  attached 
to  a  solid  support  of  copper,  which  is  firmly  fixed  to  a  mas- 
sive marble  base.  In  this  support  there  is  a  provision  for 
raising  the  needle  off  the  phmes,  the  contrivance  for  effecting 
this  object  being  similar  to  that  employed  in  the  inclination 
instrument.  The  whole  is  covered  with  an  oblong  box  of 
mahogany,  in  one  side  of  which  are  two  small  glazed  aper- 
tures, for  the  purpose  of  reading;  the  opposite  side  of 
the  box  is  covered  with  plate  glass.  A  thermometer,  within 
the  box,  shows  the  temperature  of  the  interior  dr ;  and  a 
spirit  level,  attached  to  the  marble  base,  serves  to  indicate 
anychange  of  level  which  may  occur  in  the  instrument. 

The  position  of  the  needle  at  any  instant  is  observed  by 
means  of  two  micrometer  microscopes,  one  opposite  each  end. 
These  miscroscopes  are  supported  on  shortpillars  of  copper, 
attached  to  the  base  of  the  instrument*  They  are  so  aqus- 
ted  that  one  complete  revolution  of  the  micrometer  screw 
corresponds  to  5  minutes  of  arc.  The  micrometer  head  is 
divided  into  50  parts ;  and,  consequentiy,  the  arc  correspon- 
ding to  a  single  division  is  O^'I. 

In  addition  to  these  parts,  the  apparatus  is  provided  with  a 
brass  bar  of  the  same  length  as  the  magnet,  {furnished  like  it 
with  cross  wires  at  the  extremities,  and  knife-edge  bearings,) 
for  the  purpose  of  determining  the  zero  points  of  the  micro- 
meters ;  a  brass  scale,  divided  to  1(K,  used  in  adjusting  the 
value  of  their  divisions ;  and  a  horizontal  needle,  to  be  em- 
ployed in  determining  tiie  azimuth  of  the  vertical  plane  in 
which  the  needle  moves. 

Aifjustments. — ^The  following  are  the  adjustments  required 
in  this  instrument : 

1.  The  instrument  being  placed  on  its  support,  in  a  suita- 
ble positiop  with  respect  to  the  other  two  mstruments,  the 
azimuth  of  the  plane  in  which[the  needle  is  to  move  may  be  adjus- 
ted in  the  following  manner.  The  plane  is  made  to  coincide, 
in  the  first  instance,  with  the  magnetic  meridian,  by  means  of 
the  horizontal  needle  which  moves  upon  a  pivot  fixed  to  the 
top  of  the  scale.  A  small  theodolite  Tor  other  instrument  for 
measuring  horizontal  angles)  is  then  placed  on  the  base ;  and 
its  telescope  brought  to  bear  on  a  distant  mark.      7?he  tele»- 
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cope  should  then  be  moTed  through  a  horizontal  angle  equal 
to  the  mtended  azimuth  of  the  instrument,  but  in  an  opposite 
direction.  The  base  of  the  instrument  is  next  to  be  turned^ 
without  disturbing  the  theodolite,  until  the  mark  is  again 
bisected  by  the  wires  of  the  telescope:  it  is  then  in  the 
required  azimuth.  The  base  should  then  be  levelled,  and 
permanently  fixed. 

2.  The  microscopes  should  now  be  adjusted,  I.  to  bring 
the  image  of  the  cross  wires  of  the  needle  to  coincide  with 
^be  wires  of  the  microscopes ;  and  2.  to  make  the  arc 
value  of  the  interval  of  the  wires,  corresponding  to  one  revo- 
lution of  the  micrometer  head,  exactly  equal  to  five  minutes*. 
These  arrangements  have  been  nearly  effected  in  the  first 
construction  of  the  instrument ;  for  the  purpose  of  comple- 
ting the  adjustment,  the  microscopes  are  capable  of  a  double 
motion,  one  of  the  entire  body  of  the  instrument,  and  the 
other  of  the  object  glass  alone.  It  is  manifest  that  these  two 
movements  are  sufficient  to  effect  both  adjustments.  The 
former  is  attained  when  the  cross  of  wires  is  seen  dbtinctly  (and 
without  parallax)  at  the  same  time  that  the  microscope  wires 
are  exactly  in  the  focus  of  the  eye-piece ;  the  latter  is  accom- 
plished when  the  moveable  wire  of  the  microscone  is  made  to 
pass  over  a  given  number  of  divisions  of  the  scale,  by  double 
the  number  of  complete  revolutions  of  the  micrometer  head. 

3.  The  Jixed  wires  of  the  microscopes  are  then  to  be  adjus- 
ted to  the  same  horizontal  line.  This  is  effected  by  means  of 
the  brass  needle.  This  needle  being  placed  upon  the  a^ate 
planes,  by  its  knife  edges,  and  allowed  to  come  to  rest,  it  is 
manifest  that  the  line  joining  the  cross  wires  will  be  horizon- 
tal, provided  it  be  perpendicular  to  the  line  joining  the  centre 
of  gravity  and  the  axis.  To  effect  this  latter  adjustment,  the 
needle  (a  great  part  of  whose  weight  is  disposed  below  the 
knife  edge)  is  furnished  also  with  a  small  moveable  weight. 
The  test  of  the  adjustment  is  similar  to  that  of  the  correspon- 
ding adjustment  of  the  ordinary  balance.  The  moveable 
wire  of  one  of  the  microscopes  being  brought  to  bisect  the 
cross,  if  the  adjustment  is  complete,  it  will  bisect  the  cross 
at  the  o&er  extremity  ui>on  reversal ;  if  not,  the  position  of 
the  needle  will  indicate  in  what  manner  the  weignt  is  to  be 
moved. 


*  This  adjustment  is  by  no  means  a  necessary  one.  It  is  sufficient  for  all 
purposes  if  the  arc  value  corresponding  to  one  rerOlution  of  the  micrometer 
M  aocurauly  known. 
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A  horizontal  line  being  thus  obtained,  the  fixed  wirea  of 
the  microscopes  are  to  be  adjusted  to  it,  by  moving  the  cap- 
stan-headed screws  with  which  they  are  connected. 

4.  The  last  adjustment  is  that  of  the  magnetic  needle 
itself.  This  adjustment  is  twofold:  1.  of  the  needle  to  the 
horizontal  position ;  and  2.  of  the  centre  of  gravity  of  the 
needle  to  the  ma^etic  axis.  To  effect  this  double  adjust- 
ment the  needle  is  furnished  with  two  moving  weights,  one  on 
eadi  arm.  These  weights  (it  has  been  already  stated)  are 
screws  moving  m  fixed  nuts,  one  in  a  direction  parallel  to  the 
magnetic  axis  of  the  needle,  and  the  other  in  a  direction  at 
right  angles  to  it.  By  the  movement  of  the  former  the  needle 
is  brought  to  the  horizontal  position;  and  by  that  of  the 
latter,  the  centre  of  gravity  is  made  to  coincide  with  tlie  mag- 
netic axis.  The  latter  part  of  the  adjustment  is  tested  by 
inverting  the  needle  on  its  supports ;  the  inclination  of  the 
needle  raould  not  be  altered  by  tlids  inversion  when  the 
adjustment  is  complete. 

Observations. — in  observing  the  variations  of  the  vertical 
force  with  this  instrument,  it  is  only  necessary  to  bring  the 
moveable  wire  of  each  micrometer  to  bisect  the  opposite  cross 
of  the  needle ;  unless  in  seasons  of  disturbance,  the  needle 
wUl  be  found  at  each  instant  to  have  assumed  its  position  <A 
equilibrium.  The  interval  between  the  fixed  and  moveable 
wires,  expressed  in  angular  measure,  is  the  deviation  of  tlie 
needle  of  the  horizontal  position;  and  the  changes  of  the 
vertical  force  are  thence  obtained  by  multiplying  by  a  con- 
stant coefficient. 

If  n  denote  the  number  of  minutes,  and  parts  of  a  minute, 
in  the  observed  an^le  of  deviation,  the  changes  of  the  force 
are  expressed  (as  in  the  case  of  the  other  component)  by  the 
formula. 

?5j^=in; 

in  which  the  constant  coefficient  is 

k  =  cos  acontan  6  an  l\ 

The  quantity  F  in  the  preceding  formula  is  the  product  of  the 
vertical  component  of  the  earth's  magnetic  force  multiplied 
by  the  moment  of  free  magnetism  of  we  needle ;  or 

F  =  i»Y. 

Accordingly  the  results  thus  deduced  require  a  correction  for 
the  effects  of  temperature  upon  the  quantity  m.    This  correo- 
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tion  is  similar  to  that  implied  to  the  horizontal  intensity ;  and 
the  corrected  expression  of  the  changes  of  the  vertical  com* 
ponent  is  accordingly 

^=kn^qrt  —  32); 

where  t  denotes  the  actual  temperature  (in  degrees  of  Fah- 
renheit) at  the  time  of  observation,  and  q  the  relative  change 
of  the  magnetic  moment  of  the  needle  corresponding  to  oM 
degree.  As  in  the  case  of  the  other  instruments,  however, 
it  is  not  in  general  necessary  to  apply  these  reductions  to  the 
individual  results. 

Times  of  Observation. 

The  objects  of  inquiry  in  terrestrial  magnetism  may  be 
naturally  classed  under  two  heads,  according  as  they  relate, 
1.  to  the  absolute  values  of  the  magnetic  elements  at  a  given 
epoch,  or  their  mean  values  for  a  given  period ;  or  2.  to  the 
variations  which  these  elements  undergo  from  one  epoch  to 
another.  It  will  be  convenient  to  consider  separately  the 
observations  relating  to  these  two  branches  of  the  subject. 

Absolute  Determinations. 

By  the  method  of  observation  which  has  been  suggested 
for  tne  absolute  declination,  every  determination  of  the  posi- 
tion of  the  declination  bar  is  rendered  absolute.  We  have 
only  to  consider  the  varying  angle  between  the  magnetic  axis 
of  the  bar  and  tiie  line  of  coUimation  of  the  fixed  telescope, 
as  a  correction  to  be  applied  to  the  constant  angle  (already 
determined)  between  tne  latter  line  and  the  meridian.  It  is 
manifest  that  if  the  fixity  of  the  line  of  collimation  of  the 
telescope  could  be  depended  on,  a  single  determination  of  the 
latter  angle  would  be  sufficient.  But  this  is  not  to  be  trust- 
ed for  any  considerable  period;  and  it  will  be  therefore 
necessary,  from  time  to  time,  to  refer  the  line  of  collimation 
of  the  telescope  to  the  meridian,  by  means  of  the  transit 
instrument.  This  observation  may  be  repeated  once  a  months 
or  more  frequently  if  any  change  in  the  position  of  the  tele- 
scope be  suspected. 

In  the  case  of  the  intensity,  there  is  another  source  of  error, 
(besides  that  due  to  a  change  in  the  position  of  the  instru- 
ments) which  can  only  be  guarded  against  by  a  repetition  of 
absolute  measurements.  The  magnetic  moment  of  the  mag- 
net itself  may  alter ;  and  the  observations  of  intensity  changes 
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afford  no  means  of  separating  this  portion  of  tiie  effect  £reii» 
that  due  to  a  change  in  the  earth's  magnetism.  This  separa^ 
tion  can  only  be  effected  by  means  analogous  to  those 
employed  in  the  determination  of  the  absolute  value  of  the 
horizontal  intensity;  and  accordingly  one  or  other  (or 
both)  of  the  methods  proposed  for  this  determination  should 
be  occasionally  resorted  to.  It  is  desirable  that  this  observa- 
tion should  be  repeated  once  in  every  month ;  and  more 
frequently,  whenever  the  changes  observed  with  the  horizon- 
tal force  ma^^netometer  indicate,  by  their  progressive 
character,  a  change  in  the  magnetic  moment  of  die  sus- 
pended bar. 

It  would  be  easy,  in  theory,  to  devise  a  method  by  which 
the  vertical  force  magnetometer  might  be  made  to  serve  in 
determining  the  absolute  value  of  the  vertical  intensity.  The 
means  which  at  present  offer  themselves  appear,  however,  to 
be  surrounded  with  practical  difficulties ;  and  it  seems  safer  to 
deduce  this  result  indirectly.  From  the  formulae  given  m 
page  452,  we  have 

Y  =  Xtane; 

so  that  if  the  inclination  6  be  known,  and  the  horizontal 
intensity  X  determined  in  absolute  measure,  the  vertical  inten- 
sity Y  is  inferred. 

For  the  purpose  of  observing  the  element  0,  each  observa- 
tory is  furnished  with  an  inclination  instrument,  the  circle  of 
which  is  9^  inches  in  diameter.  The  observation  should  be 
made  in  an  open  space,  sufficientiy  remote  from  the  magnets 
of  tiie  observatory,  and  from  other  disturbing  influences ;  and 
a  series  of  measures  should  be  taken  simultaneously  witii  the 
two  intensity  magnetometers,  for  the  purpose  of  eliminating 
the  changes  of  the  inclination  which  may  occur  in  the  course 
of  tiie  observation.  As  to  the  mode  of  observation,  the  best 
seems  to  be  the  usual  one,  tiie  plane  of  the  circle  coinciding 
with  the  magnetic  meridian ;  but  for  the  purpose  of  testing  the 
axles  of  the  needles,  and  the  divided  limb  of  the  instrument, 
it  is  desirable  that  some  observations  should  be  made  in 
various  azimuths^ — for  example,  every  30°  of  the  azimuth 
circle  commencing  with  the  magnetic  meridian.  The  inclina- 
tion is  then  inferred,  from  each  pah  of  corresponding  results, 
by  the  formula 

cotan«  e  =  cotan^f  +  cotan*  T; 
f  and  f  '  being  the  observed  angles  of  inclination  in  two  planes 
at  right  angles  to  one  another.    Where  the  inclination  is  gieat 
(as  at  Montreal,)  this  method  will  serve  to  tost  only  a  limited 
portion  of  tiie  circumference  of  the  axle  and  Umb.     In  this 
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ease  ihe  best  course  appears  to  be  that  pointed  out  by  Major 
Sabine,*  namely,  to  convert  one  of  the  needles,  temporarily, 
into  a  needle  on  Mayer's  principle,  by  loading  it  with  sealing- 
wax;  and  to  deduce  the  inclination,  from  the  angles  of 
position  of  the  loaded  needle,  by  the  known  formula  of  Mayer. 
The  observations  here  suggested  having  been  very  carefully 
made,  and  the  inclination  changes  eliminated  m  the  manner 
above  explained,  the  observed  mfference  between  the  mean 
and  the  result  obtained  in  the  magnetic  meridian^  should  be 
applied  as  a  correction  for  the  errors  of  axle  and  limb  to  all 
future  observations  made  in  the  meridian. 

These  observations  should  be  made  at  the  same  periods  as 
those  of  the  absolute  horizontal  intensity. 

Variation  of  thb  Elements. 

The  variations  of  the  magnetic  elements  are,  i.  Those 
variations  whose  amount  is  a  function  of  the  hour  angle  of  the 
sun,  or  of  his  longitude  ;  and  which  return  to  their  original 
values  at  the  same  hour  in  successive  days,  or  the  same 
season  in  successive  years.  These,  from  their  analogy  to  the 
corresponding  planetary  inequalities,  may  be  denominated 
periodical.  2.  The  variations,  which  are  either,  continually 
progressive^  or  else  return  to  tiieir  former  values  in  long  and 
unknown  periods ;  these  may  in  like  manner  be  denominated 
secular.  3.  The  irregular  variations,  whose  amount  chanffes 
from  one  moment  to  another^  and  which  observe  (apparentiy) 
no^law. 

The  periodical  variations  (with  the  exception  of  those  of 
tiie  declination)  have  hitherto  been  littie  studied ;  and,  even 
in  the  case  of  the  single  element  just  mentioned,  the  results 
have  scarcely  gone  beyond  a  general  indication  of  the  hours 
of  mayinm  and  minima,  and  of  the  changes  of  their  amount 
with  the  season.  The  subject  is  nevertheless  of  the  highest 
importance  in  a  theoretical  point  of  view.  The  phenomena 
depend,  it  is  manifest,  on  the  action  of  solar  heat,  operating 
probably  through  the  medium  of  thermo-electric  currents 
induced  on  the  earth's  surface.  Beyond  this  rude  guess, 
however,  nothing  is  as  yet  known  of  the  physical  cause.  It 
is  even  still  a  matter  of  speculation  whether  the  solar  influ- 
ence be  a  principal^  or  only  a  subordinate  cause,  in  the 
phenomena  of  terrestrial  magnetism.  In  the  former  case,  the 
periodical  changes  are  to  be  regarded  as  the  effect  only  of  the 
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variations  of  that  influence;  in  the  latter,  they  must  be 
considered  as  its  entire  result,  the  action  in  this  case  only 
serving  to  modify  the  phenomena  due  to  some  more  potent 
cause.  It  may  be  fairly  hoped  that  a  diligent  study  of  Uiis 
class  of  phenomena  will  not  only  illustrate  this  and  other 
doubtful  points  in  the  physical  foundation  of  the  science ;  but 
also,  whenever  that  physical  cause  shall  come  to  be  fully 
known,  and  be  made  the  basis  of  a  mathematical  theory,  the 
results  obtained  will  serve  to  give  to  the  latter  a  numerical 
expression,  and  to  test  its  truth.  Even  the  knowledge  of 
the  empirical  laws  of  the  hourly  and  monthly  fluctuations 
must  prove  a  considerable  accession  to  science ;  and  (as  one 
of  its  more  obvious  applications)  will  enable  the  observer  to 
reduce  his  results,  as  far  as  this  class  of  changes  is  con-r 
cerned,  to  their  mean  values. 

For  the  complete  determination  of  the  hourly  and  monthly 
changes  of  the  magnetic  elements,  a  persevering  and  laboun- 
ous  system  of  observation  is  requisite.  The  irregular  changes 
are  so  frequent,  and  often  so  considerable,  as  (partially  at 
least)  to  mark  the  regular ;  and  the  observations  must  be 
long  continued  at  the  same  hours,  before  we  can  be  assured 
that  the  irregularities  do  not  sensibly  afiect  the  mean  results. 
Again,  in  a  tiieoretical  point  of  view,  the  nocturnal  branch 
of  the  curves  by  which  tne  periodical  changes  are  represented 
is  quite  as  important  as  the  diurnal ;  and  it  is  manifest  that 
notning  can  be  done  towards  its  determination  without  the 
co-operation  of  a  number  of  observers.  At  each  of  the 
observatories  about  to  be  founded  by  the  liberality  of  Her 
Majesty's  Government,  there  will  be  three  assistant  observers 
placed  under  the  command  of  the  director;  and  it  is  intended 
that  the  observations  shall  be  taken  every  two  hours  through- 
out the  twenty-four.  In  order  that  this  series  of  observations, 
which  is  especially  destined  for  the  determmation  of  the 
periodical  cnanges,  may  at  the  same  time  cast  some  light 
upon  the  irregular  movements,  it  is  proposed  that  tbey  shall 
be  simultaneous  at  all  the  observatories.  The  hours  which 
have  been  agreed  upon  are  the  even  hours  (0,  2,  4,  6,  &c.) 
Gottingen  mean  time.  It  is  likewise  intended  that  one  ob< 
servation  of  the  twelve  shall  be  a  triple  observation,  tiie 
position  of  the  magnets  being  noted  five  minutes  befi)re  and 
after  the  regular  hour.  The  time  of  this  triple  observation 
will  be  2  P.M.,  Gottingen  mean  tjone. 

The  barometer,  and  the  wet  and  dry  thermometers,  will 
be  registered  at  each  of  the  twelve  magnetic  hours.  No 
observation  will  be  taken  on  Sunday. 

No  distinct  series  of  observations  is  required  for  th^  deterr 
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mination  of  the  secular  vuiations.  In  the  case  of  the  decli- 
nation^  the  yearly  change  will  be  obtained  by  a  comparison 
of  the  montmy  mean  resultsr  (for  the  same  month  and  same 
hour)  in  successive  years.  The  observations  of  two  years 
only  will  thus  furnish  144  separate  results,  from  which  both 
the  periodical  and  the  irregular  chants  are  eliminated ;  so 
that  great  precision  may  be  expected  m  the  final  result,  not- 
withstanding the  limited  period  of  observation.  The  same 
mode  of  reduction  will  apply  to  the  two  components  of  the 
intensity^  provided  that  no  change  shall  have  taken  place  in 
the  magnetic  moment  of  the  bars  employed.  In  the  latter 
event,  recourse  must  be  had  to  the  absolute  determinations 
for  a  knowledge  of  the  secular  changes. 

The  subject  of  the  irregular  movements  has  acquired  a 
prominent,  and  almost  absorbing  interest,  from  the  recent 
discoveries  of  Gauss.  It  has  been  ascertained  that  the 
resultant  direction  of  the  forces,  by  which  the  horizontal 
needle  is  actuated  at  a  ^iven  place,  is  incessantly  varying,  the 
oscillations  being  sometunes  small,  sometimes  very  considera- 
ble : — ^that  similar  fluctuations  occur  at  the  most  distant  parts 
of  the  earth's  surface,  at  which  corresponding  observations 
have  been  as  yet  made ; — and  that  the  instant  of  their  occur- 
rence is  the  same  every  where.  The  intensity  of  the 
horizontal  force  has  been  found  subject  to  analogous  per- 
turbations. 

For  the  full  elucidation  of  the  laws  of  these  most  interesting 
phenomena,  it  is  of  the  first  importance  that  the  stations  of 
observation  should  be  separated  as  widely  as  possible  over  the 
earth's  surface,  and  that  their  positions  snould  be  chosen  near 
the  points  of  maxima  and  minima  of  the  magnetic  elements^ 
This  has  been  in  agreat  measure  accomplished  as  regards  the  ob- 
servatories about  to  be  founded  by  Her  Majest/s  Government, 
llie  stations  are  wide  asunder  in  geographical  position,  and 
they  are  in  the  neighbourhood  of  points  of  prominent  interest 
in  reference  to  the  isodynamic  lines.  The  results  of  observa- 
tion at  these  stations  will  soon  testify  whether  the  shocks  to 
which  the  magnetic  needle  is  subject,  are  of  a  local  or  of  a 
universal  character  as  regards  the  globe ;  and  in  either  event 
we  may  expect  that  they  will  furnish  information  of  great  value 
(in  reference  to  a  physical  cause)  as  to  the  magnitude  of  the 

Shenomena  in  different  places,  and  the  elements  on  which  it 
epends. 

In  the  observations  destined  to  illustrate  these  phenomena, 
it  is  proposed  to  follow,  as  nearly  as  possible,  the  plan  laid 
/do>m  by  Gauss.     One  day  in  ea<^  month,  namely,  the  last 
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Saturday^  wSi  be  devoted  to  simultaneous  obsenrations  on 
this  system;  the  observations  commencing  at  10  p.m.  of 
the  preceding  eve  (Gottingen  mean  time,)  and  continuing 
through  the  24  hours* 


LXIX. — On  Electro- Magnetic  Forces.  By  J.  P.  Joule,  Esq. 

1.  About  the  commencement  of  last  AprU,  I  made  some 
experiments  in  electro-magnetism,  which  I  had  the  pleasure 
of  communicating  to  the  readers  of  this  excellent  work,  in 
two  letters  to  the  Editor,  dated  on  the  28th  of  May,  and  on 
the  10th  of  July.  I  am  desirous  of  m€Jiing  some  additional 
observations  on  that  subject,  especially  as  subsequent  expe* 
rience  has  enabled  me  to  place  m  a  more  correct  view  some 
of  the  effects  I  then  witnessed. 

2.  I  have  shown*  that  when  a  current  of  voltaic-electricity 
is  transmitted  through  the  coils  of  two  electro-magnets,  their 
mutual  attraction  is  m  the  ratio  of  the  squares  of  the  quantities 
of  electric  force:  and  also  that  the  lifting  power  of  die 
^^  horse-shoe"  electro-magnet  is  governed  hy  the  same  law. 

3.  I  have  recently  made  expenments  which  prove  that  the 
attraction  of  the  electro-magnet,  for  a  magnet  of  constant 
force,  varies  in  the  simple  direct  ratio  of  the  quantity  of 
electricity  passing  through  the  coil  of  the  electro-magnet. 
(In  order  to  succeed,  it  is  necessary  to  guard  against  the 
effects  of  induction  by  a  proper  arrangement  of  the  apparatus.) 

4.  Magnetism  appears  therefore  to  be  excited  in  soft  iron, 
in  the  direct  ratio  of  the  magnetizing  electric  force;  and 
electro-magnetic  attraction,  as  well  as  the  attraction  of  steel 
magnets,  may  be  considered  as  proportionate  to  the  product 
of  the  intensities  of  each  magnet,  or,  which  is  the  same 
thing,  to  the  number  of  lines  which  may  be  drawn  between 
the  several  ma^etic  particles  of  the  attracting  bodies. 

5.  This  view  is  illustrated  by  figs.  1,  2,  and  3,  Plate  XL 
where  the  several  attractions  of  the  magnetic  particles,  viz.  1  to 
1,  2  to  1,  and  2  to  2  are  represented  by  the  number  of  lines 
drawn  in  each  instance,  1,  2,  and  4. 

6.  I  have  recently  understood,  that  the  Russian  philoso- 
phers Jacobi  and  Lenz,  have  arrived  by  their  experiments,  at 
some  of  the  same  conclusions  with  regard  to  the  laws  of 
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dectro^uagnetic  attraction.  I  have  not  read  their  papers, 
but  shall  be  most  happy  if  they  shall  be  found  to  confirm  the 
results  of  my  observations. 

7«  Fig.  4,  will  perhaps  illustrate,  with  a  considerable 
degree  of  accuracy,  the  complex  actron  of  the  forces  which 
constitute  the  aggr^ate  attraction  which  exists  between  two 
magnets,  for  instance,  A.  and  B.  The  mimetic  particles 
of  which  six  only  a,  6,  c,  cf,  e,^  are  drawn,  may  be  conceived 
to  be  of  an  indefinitely  lar^e  number  spread  throughout  the 
region  of  the  ^^  poles ;"  ana  the  several  forces  are  represented 
by  the  straight  Unes  drawn  been  those  particles. 

8.  If  this  view  be  correct,  it  is  obvious  that  the  closer  the 
approximation  of  the  magnetic  particles  in  each  system,  the 
greater  will  be  the  magnetic  attraction ;  for  in  that  case  the 
particle  a  will  both  be  nearer  the  particle  ff  and  the  force 
exerted  between  them  will  be  in  a  less  oblic|ue  direction. 

9.  It  was  in  consequence  of  my  entertainment  of  a  differ- 
ent hypothesis,  that  I  was  led  to  imagine  that  I  had  detected 
a  decrease  of  power  on  increasing  the  length  of  the  electro- 
magnet ;  in  V  ol.  4,  page  136  and  137,  is  a  comparison  of 
the  powers  of  three  electro-magnets  of  the  several  sizes, 
-27  77  and  i4,  of  an  inch  square,  with  those  of  two  whose 
sectional  areas  were  respectively,  one  inch  square,  and  one 
inch  by  2  inches.  It  is  probably  in  a  great  measure  the 
consequence  of  the  principle,  (7)  that  the  mean  power  of  the 
latter,  was  found  to  be  less  than  mat  of  the  former,  in  the  ratio 
of  7000  to  10646;  and  this  observation  is  further  corrobo- 
rated by  the  fact,  that,  of  the  long  electro-magnets  the  less 
powerful  has  the  more  extended  ^^pole."  It  would,  however, 
be  a  matter  of  no  difficulty  to  determine  the  inflence  of  length 
on  ma^etic  conduction. 

10.  Hence  also  a  correction  should  be  applied  to  the  attrac- 
tions of  the  larger  electro-magnets*  in  order  fairly  to  compare 
their  respective  powers  with  those  of  smaller  dimensions.  I 
will  not  venture  to  decide  its  amount,  as  that  will  be  entirely 
dependant  upon  the  distances  of  the  polar  particles,  (7),  from 
the  ends  of  the  electro-magnets;  if  ^  were  added  to  the 
attractions  opposed  to  Nos.  5,  they  would  I  think,  be  placed 
in  prettv  correct  comparison  with  Nos.  1. 

11.  Ithese  corrections  are  not  however  of  sufficient  amount 
to  affect  the  general  conclusion  to  which  I  have  come,  with 
regard  to  the  laws  under  which  magnetic  attraction,  (as  appli- 
cable to  the  production  of  motive  force,)  is  developed  by 
electricity,  viz.:   That  the  attraction  qf  two  electro-magnets 
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towards  each  others  is  in  every  case  represented  by  the  formula 
M  =  IV^  E\  where  My  denotes  the  magnetic  attraction^ 
Wy  the  length  of  unre^  and  E  the  quantity  of  electricity 
conveyed  by  that  wire  in  a  given  period  of  time;  a  formula 
modified  merely  by  the  effects,  of  saturation,  of  the  con- 
ducting power  of  iron,  and  of  the  distance  of  the  coils  from 
the  surface  of  the  iron. 

12.  I  have  observed,  that  magnetic  and  electro-magnetic 
attraction  decreases,  in  certain  cases,  in  the  simple  ratio  ot 
the  distances.  This  was  found  to  be  particularly  the  case 
when  the  magnets  were  long,  and  the  distances  between  them 
small.  Mr.  Harris  has  observed  the  same  effect,  see  his 
^'  Experimental  Inquiries  concerning  the  laws  of  Magnetic 
Forces."  It  may  be  principally  accounted  for  by  the  complex 
action  previously  illustrated.  It  b  impossible  to  doubt  that 
the  law  of  magnetic  attraction  is  inversely  as  the  squares  of 
the  distances. 

13.  I  shall  now  in  accordance  with  mv  promise  enter  into 
the  detail  of  some  experiments  with  tne  electro-magnetic 
engine  described  in  the  '<  Annals**  for  October,  1839 ;  and 
first  it  will  be  proper  to  describe  the  apparatus  I  had  occasion 
to  use. 

14.  The  galvanometer  was  constructed  on  the  plan  which 
was  described  in  pages,  131  and  132,  of  the  present  volume. 
The  coil  is  rectangular,  12  inches  long  and  6  inches  broad ; 
the  copper  wire  is  -p,-  of  inch  thick,  and  the  length  of  the 
needle  rather  less  than  4  inches.  To  make  it  more  exten- 
sively available,  I  have  drawn  a  curve,  whose  abscissae  are 
the  degrees  of  die  circle,  and  whose  ordmates  are  the  quantity 
numbers  corresponding  to  those  degrees,  in  this  way  I  can 
interpolate  to  any  extent  the  quantity  divbions  previously 
obtamed  by  experiment. 

15.  I  recommend  this  form  of  the  galvanometer  with  great 
confidence,  because,  1st,  The  method  of  tangents  is  only 
applicable  when  the  diameter  of  the  coil  bears  a  very  large 
ratio  to  the  length  of  the  needle,  and  2nd,  Because  you  can 
by  passing  the  electric  current  through  1,  2,  3,  4,  &c.  coils, 
increase  the  delicacy  of  the  instrument  accordingly. 

16.  I  have  principally  made  use  of  Wollaston's  4  inch 
doubly  coppered  batteries,  with  amalgamated  zinc  plates, 
and  charged  with  a  solution  of  sulphuric  acid.  I  shall  perh^^ 
describe  at  an  early  opportunity  an  expeditious  and  convenient 
method  of  fitting  up  both  tlus  battery,  and  the  adbnirable 
instrument  of  Mr.  Grove. 

17.  In  the  subsecjuent  experiments,  the  engine  was  fitted 
up  with  the  hard  iron,  and  hard  wire,  revolving  electro- 
magnets.   After  a  few  trials  with  powerful  batteries,  fijiding 
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it  inpracticable  to  work  with  the  highest  intensity  arrange- 
ment, I  soldered  the  ends  of  the  three  wires  of  each  electro- 
magnet together,  and  united  the  combined  wires  in  such  a 
manner,  that  the  electric  current  passed  through  424  yards 
of  threefold  conducting  wire. 

18.  In  the  tables  underneath,  the  first  column  indicates 
the  quantity  of  electricity;  the  second,  the  diflFerences  of 
those  quantities;  the  third,  the  velocity  of  the  revolving 
electro-magnets,  in  feet,  per  second;  the  fourth,  the  duty,  in 
pounds  raised  per  second  of  time,  to  one  foot  in  height ;  and 
the  fifth,  the  duty,  in  pounds  raised  to  the  height  of  one  foot 
by  the  agency  of  one  pound  of  zinc. 

19.  In  calculating  the  amount  of  duty,  I  found  that  in  this 
arrangement,  12-4  of  electricity  was  just  sufficient  to  keep 
the  machine  in  motion,  when  the  friction,  referred  to  the 
revolving  electro-magnets,  was  equal  to  10  ounces  avoirdu- 
poise;  the  same  asiount  of  electricity  was,  whatever  the  velo- 
city, always  able  to  overcome  exactly  the  same  amount  of 
friction ;  I  therefore  felt  justified  in  making  it  a  has  is  on  which 
to  calculate  the  force  due  to  other  quantities  of  electricity. 
The  duty  in  the  fifth  column  is  calculated  on  the  basis  of  the 
decomposition  of  water  effected  by  a  given  quantity  of  elec- 
tricity ;  I  consider  it  as  an  approximation  to  the  truth.  I 
may  just  observe  that  the  friction  has  been  altogether  neglec- 
ted, and  that  whenever  the  motive  force  was  ^ot  sufficient, 
mechanical  means  were  resorted  to  in  order  to  overcome  it; 
this  course  was  adopted,  because  the  friction  is  not  at  all 
to  be  considered  as  an  element  in  the  subsequent  obser- 
rations. 

Table  1. 

80  pairs  of   WoUaston's  plates. 
(A  mean  of  3  trials.) 

Electricity,    dif.     Velocity.    Duty.        Economicdl  duty* 

24-6 0 0 0 

3 

21-6 2 3-8 21960 

2 

19-6 4 6-25 39740 

1-6 

18-0 6 7-89 54800 

1-5 

16-5 8 8  85 66950 

1-5 

15-0 10 9-15 76140 

Vol.  IV.— No.  24,  April,   1840.  L  h 
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Table  2. 

40  pairs  of  WoUaeton's  plates. 

(A  mean  of  2  trials.) 

• 

Electricity.      dif.    Velocity.    Duty.       Economical  duty. 

11-8 0..'. 0 0 

1-6 

10-2 2 -85 20700 

•8 

9-4 4 1-44 38300 

•8 

8-6 6 1-80 52320 

•6 
8-0 8 208 65000 

Table  3. 

10  pairs  of  Wollaston's  plates. 

5 0  0 0 

•8 

4-2 2 14 33300 

.6 

3-6 4 -21  58300 

•3 

3-3 6 -265 80300 

•3 
3 8 -292 97300 

Table  4. 

Grove's  battery  of   10,   4  inch,   plates. 

(Not  very  efficiently  charged.) 

17-6 0 0  0 

33 

14.3 2 16-6  116080 

1-9 
12-4 4 2-5  201600 

1.4 

110 6 2-95 268200 

•8 
10-3 8 3-38 331400 
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20.  I  DOW  uDited  the  conductors  in  such  a  manner,  that  the 
fluid  was  divided  between  each  pair  of  stationary,  and  revolv- 
ing, electro  magnets ;  in  this  case,  the  electricity  passed 
through  212  yards  of  six-fold  wire. 

Table  5. 

A  quantity  arrangement  of  two  40  pairs  of 
WoUaBton's  plates. 

Electricity,    dif.     Velocity.   Duty.         Economical  duty. 
52 0 0 0 

9 
43 2 3-76  21800 

5 
33 4 5-87 38600 

3*2 
34-8  6 7-38 53100 

2-6 
32-2   8 8  42 65400 

2-4 
29-8  10 9-02 75700 

Table  6. 

A    quantity    arrangement  of  two    20    pairs   of 

WoUaston's  plates. 

28-2 0 0 0 

5 
23-2 2 M  23700 

25 
20-7 « 4 1-74 42000 

1-7 
190 6 2-205 58000 

1-4 
17-6 8 2-52 71600 

Table  7. 

A  quantity  arrangement  of  two  10  pairs  of 

WoUaston's  plates. 

16-8 0 0 0 

3 
13*8 2 -387 28000 

1-6 
12-2 4 -605 49600 

1-2 
11.0 6 -738 67100 

10 
10-0 8 -SIS 81300 
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21.  Hie  above  examples  will  show  pretty  clearly  the  effects 
of  magnetic  electrical  resistance.  This  resistance  is  the 
prime  obstacle  to  the  perfection  of  the  electro-magnetic 
engine,  and  in  proportion  as  it  is  overcome,  in  the  same  pro- 
portion will  the  motive  force  increase ;  this  ought  therefore  to 
claim  our  first  attention. 

22.  On  comparing  the  differences  with  the  velociiies  and 
electricities  in  each  table,  the  general  conclusion  is,  that  the 
magnetic  electrical  intensity  is  directly  proportional  to  the 
velocity,  multiplied  by  the  magnetism,  or,  which  is  the  same 
thing,  by  the  electricity  which  induces  that  magnetism.  It  is 
the  latter  part  of  this  law,  which  makes  the  differences  de- 
crease generally,  (and  as  accurately  as  the  nature  of  the  mani- 
pulations can  lead  one  to  expect,)  in  the  same  ratio  with  the 
electricities  opposed  to  them.  It  is  necessary  to  observe  that 
the  Jirst  difference,  or  that  which  exists  beteen  0,  and  2, 
velocities,  must  be  neglected,  as  that  is  much  augmented  by 
the  slightest  inaccuracy  of  the  commutator. 

23.  It  appears  moreover,  that  this  law  is  entirely  unaffected 
by  the  diminution  or  increase  of  battery  intensity ;  for  on 
comparing  the  tables  of  either  system  together,  it  will  be  seen 
that  in  all  cases  Ibe  differences  are  about  one-tenth  of  the 
electricities  opposed  to  them.  I  wish  to  call  particular  attention 
to  this  circumstance,  which  is  owing  to  the  constant  resistance 
of  the  wires,  in  each  separate  system. 

24.  In  the  second  arrangement  the  conducting  metal  was 
half  as  long  and  twice  as  substantial  as  it  was  in  the  first ; 
hence  it  is,  that  half  the  battery  intensity  sufficed  to  pass 
twice  the  quantity  of  electricity,  atid  so  to  produce  the  same 
motive  effect.  This  b  seen  on  comparing  table  1,  with 
table  5. 

25.  Also,  on  referring  to  tables  i  and  5,  it  wUl  be  observed, 
that  the  differences  are  twice  as  great  in  the  2nd  arrange- 
ment as  in  the  Ist,  whilst  the  magnetic  force  remained  very 
nearly  the  same.  To  understand  the  reason  of  this,  it  will  be 
necessary  to  observe,  1st;  that  the  magnetic  electrical  inten- 
/Bity  has  nothing  whatever  to  do  with  the  thickness  of  the 
wire  upon  which  it  is  induced,  but  exists  simply  in  the  direct 
ratio  of  the  length,  consequently  that  the  intensity  is  only  one 
half  as  great  in  the  2nd  arrangement,  as  it  is  in  the  1st ; 
And  2nd,  that,  as  the  resistance  of  the  wire  to  the  battery 
current,  in  the  2nd  arrangement,  is  only  one  quarter  of 
that  in  t)ie  1st,  the  same  additional,  or  extraneous,  resistance 
will  produce  four  times  the  effect  in  the  former,  as  in  the  lat- 
ter instance.  Hence  by  compounding  these  two  effects,  we 
have  the  differences  of  electricity,  due  to  a  given  increment  of 
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velocity,  and  the  same  amount  of  magnetism,   twice  as  great 
in  the  2nd,  as  in  the  1st  arrangement. 

26.  If  die  intensity  of  the  voltaic  battery  do  not  increase 
in  a  less  ratio  than  that  of  the  number  of  its  pairs,  there  will 
theoretically,  be  no  variation  in  economy,  whatever  the  ar- 
rangement of  the  whole  conducting  metal,  or  whatever  the 
size  of  the  battery.  For,  if  the  battery  be  doubled  in  inten- 
sity, it^must  in  that  case  consist  of  twice  the  number  of  pairs, 
which  will  cause  twice  the  quantity  of  electricity  to  pass,  and 
hence  four  times  the  weight  of  battery  materials  will  be  con- 
sumed, while  the  force  of  the  engine  is  also  increased  four 
times,  according  to  the  square  of  the  electricity.  See  the 
economical  duty  in  the  tables  1,  2,  5,  and  6. 

27.  The  following  are  three  resources  on  which  to  rely,  in 
order  to  obtain  economical  power;     1st,  the  increase  of  the 

Juantity  of  conductinff  wire,  which  will  produce  a  variable 
egree  of  advantage,  for  while  it  dimishes  the  resistance  of 
the  wire,  it  produces  no  effect  upon  the  magnetic  electrical 
resistance ;  2nd,  the  augmentation  of  the  intensity  of  the 
elementary  battery,  which  will  produce  an  exactly  similar 
increase  of  duty :  (compare  table  3  with  table  4.)  3rd,  the 
improvement  of  the  arrangement  of  the  electro-magnets. 
Had  I  placed  mine  in  such  a  position  that  the  broad  edges  of 
the  poles  should  have  acted  on  eacth  other,  I  should  doubtless 
have  attained  a  considerable  higher  amount  of  duty. 

28.  I  must  apologize  to  the  reader,  that  I  have  not  relieved 
the  tediousness  of  mis  paper,  by  a  single  brilliant  illustration. 
I  have  neither  propeUed  vessels,  carriages,  nor  printing 
presses.  My  object  has  been,  first  to  discover  correct  princi- 
ples, and  then  to  suggest  their  practical  developement.  If  I 
nave  succeeded  in  some  measure  in  the  first  part  of  that 
object^  my  design  has  been  fully  realized. 

Broom  Hilly  near  Manchester^ 
March  10th,  1840. 

LXX.  Wonderful  effects  of  Voltaic  Electricity  in  restore 
ing  Animal  life  when  the  sensorial  powers  have  entirely 
ceased  or  in  other  words^  when  death  in  the  common  accept 
tation  of  the  term  has  actually  occurred.  Extracted  from 
Mr.  W.  H.  Halsb's  address  to  the  Newton  Society  for 
the  attamment  and  diffusion  of  Knowledge  dated  March 
3,  1840. 

After  describing  the  benefits  obtained  by  a  study  of  the 
sciences  generally^  he  thus  proceeds  to  show  the  powers  of 
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galvanism  on  the  animal  body. 

"  On  Thursday  last  one  of  my  spaniels  whelpsd,  having  a 
litter  of  thirteen;  six  of  which  I  took  for  my  experiments. 
I  drowned  three  of  them  in  cold  water  and  kept  them  im« 
mersed  for  fifteen  minutes,  at  which  time  I  took  them  from 
the  bucket  and  placed  them  in  front  of  a  good  fire ; — no 
motion  could  be  perceived  in  either  of  them.  I  then  put  the 
front  legs  of  one  of  them  in  a  jar  containing  a  warm  solution 
of  salt  and  water  and  its  hind  legs  in  a  similar  jar,  in  each  of 
which  was  inserted  one  pole  of  the  galvanic  battery ;  the 
whole  was  then  placed  near  the  fire. 

"  The  position  of  the  dog  being  now  favourable  for  opera- 
ting on,  without  the  necessity  of  making  any  incisions  in  the 
flesh,  I  passed  a  very  strong  shock  through  its  body ;  it 
moved  its  hind  legs ;  I  gave  it  another  shock,  which  caused 
its  tail  also  to  move ;  I  now  passed  twenty  shocks  in  quick 
succession  through  its  body:  it  moved  every  limb^  its  mouth 
opened  and  I  was  inclined  to  believe  that  the  dog  had  actually 
come  to  life  ;  but  the  moment  I  ceased  passing  the  shocks, 
the  dog  was  as  motionless  as  it  was  previous  to  my  com- 
mencement.  Again  I  continued  the  shocks  and  I  noticed 
that  there  was  more  motion  in  the  limbs : — considering  that 
in  proportion  to  the  return  of  sensibility,  that  these  shocks 
would  be  too  powerful  for  it,  I  decreased  the  intensity  of 
them  and  passed  many  hundreds  in  rapid  succession ;  I  con- 
tinued this  for  about  five  minutes — ^the  motion  of  the  limbs 
increasing  as  the  shocks  increased  in  number — I  now  ceased ; 
the  dog  still  moved. — It  was  restored  to  life. — I  placed  it 
on  a  warm  flannel  in  front  of  the  fire  and  in  a  very  short  time 
it  appeared  as  well  as  it  was  previously  to  its  being  drowned; 
it  crawled  on  the  flannel  and  made  the  noise  peculiar  to  young 
dogs.  1  now  examined  the  two  other  dogs  which  were 
drowned  and  taken  from  the  water  at  the  same  time  that  this 
one  was. — They  were  both  dead— a  plain  proof  that  it  was 
entirely  owing  to  the  galvanic  fluid  that  life  was  restored. 

*^  The  other  three  dogs  I  drowned  in  warm  water  and  kept 
them  immersed  for  forty  minutes^  at  which  time  all  motion 
had  ceased ;  two  of  them  I  laid  in  front  of  the  fire  and  the 
remaining  one  1  placed  in  the  jars  as  in  the  preceding  experi- 
ment. I  now  passed  a  few  shocks  of  weak  mtensity  through 
the  body,  but  no  motion  was  perceptible;  I  .therefore 
increased  the  intensity  of  them  considerably  and  gave  the 
shocks  in  quick  succession. — Every  limb  moved^the  belly  prth- 
truded  and  again  collapsed^  and  the  head  was  raised — at  diis 
period  I  stopped  passing  the  shocks  in  order  to  see  if  there 
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were  any  motion  in  the  doe  when  not  under  the  galvanic  influ- 
ence 'r—Ahere  was  none ;  I  again  proceed  with  the  shocks  and 
having  noticed  that  the  limbs  moved  more  rapidly  than  before, 
1  considered  it  necessary  to  decrease  the  intensity  and  in- 
crease the  quantity  of  electric  fluid,  which  I  did  so  much  as 
just  to  be  enabled  to  perceive  a  slight  tremor  in  the  dog ;  I 
continued  in  this  manner  for  about  five  minutes  at  which  time 
I  removed  it  from  the  jars  and  placed  it  on  the  table. — It  was 
ALIVE. — In  a  quarter  of  an  hour  it  appeared  to  be  perfectly 
recovered.  The  other  two  dogs  (which  were  not  allowed  to 
get  cold  during  the  whole  of  the  experiment)  were  now  ex- 
amined ;  no  motion  whatever  could  be  perceived.  I  tried  the 
the  effect  of  galvanism  on  one  of  these ;  I  was  successful.  In 
one  hour  after  this  I  operated  on  the  other  dog  also ;  but 
'twas  in  vain — there  was  no  vigour  remaining  in  the  vital 
powers ; — li/e  had  fled. 

"  Remarks : — Having  stated  that  I  restored  the  dogs  to 
life,  it  will  be  necessary  for  me  to  explain  in  what  light  this  is 
to  be  understood.       Strictly  speaking,  life  was  not  extinct  in 
either  of  the  dogs  previously   to  my  operating,   for  if  it  had 
they  would  certamly  have  remained  dead ;    it  was  merely  a 
cessation  of  the  sensorial  functions^  whilst  there  was  a  degree 
of  vigour  still  remaining  in  the  vital  organs  which  combined 
with  the  nervous  influence  (or  a  substitute  for  it  if  you  please) 
I  supplied  by  the  powers  of  galvanism ;  were  sufficient  to  re- 
store these  functions  to  their  former  state  of  activity ; 
nevertheless,  the  dogs  were  in  the  common  acceptation  of  the 
term — dead ;    but  not  properly  so,  for  death  cannot  be  con- 
sidered to  have  actually  arrived  until  the  sensorial,  the  mus- 
cular and  the  nervous  functions  all  cease  to  act — at  that 
moment  the  animal  dies  and  not  before.      We  therefore  see 
that  although  the  dogs  were  not  strictly  sneaking — dead, 
previous  to  my  operations,  yet  by  the  fact  of  tne  others  being 
dead  when  the  sensorial  of  those  three  were  restored,  it  must 
be  evident  that  the  process  of  dying  had  commenced,   and 
would  have  been  perfected  had  not  the  pouters  of  galvanism 
been    resorted    to ; — ^therefore  when   I  say    the    dog  was 
restored  to  life,   I  must  not  be  considered  to  mean  that  I 
brought  the  dead  to  life  but  rather  that  I  arrested  the  pro- 
cess of  dying,  by  restoring  the  sensorial  functions — wnich 
functions  bad  before  entirely  ceased  to  act. 

*^  The  nature  of  the  above  experiments  muist  be  very  fami- 
liar to  every  physiologist,  but  when  we  consider  the  astonish- 
ing powers  of  galvanism  on  the  human  frame,  in  supplying 
the  nervous  fluid  (or  a  substitute  for  it)  and  the  ignorance  of 
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this  fact  by  a  large  proportion  of  the  medical  professiotiy 
perhaps  I  shall  be  excused  for  introducing  thb  subject  to  your 
notice  ;  and  as  the  apparatus  necessary  for  the  purpose,  when 
constructed  on  my  principle  is  quite  unexpensive  (one  guinea, 
see  No.  23  of  Sturgeon's  Annals  of  Electricity,  Magnetbm, 
and  Chemistry,)  /  hope  there  will  not  be  found  many  medi- 
cal practitioners  who  will  object  to  add  the  powers  of  voltor- 
ism  to  their  other  modes  of  resuscitation  from  the  first  stage 
of  death  caused  by  drowning^  or  from  that  caused  by  suffocon 
Hon  through  noxious  gases. 

"  I  have  refrained  from  introducing  many  technical  terms, 
as  I  wish  my  subject  to  be  generally  understood.  It  will  be 
perceived,  that  in  passing  the  shocks  through  the  bodies  of  the 
dogs,  no  cruelty  was  practised,  for  when  the  powerful  shocks 
were  passed,  they  posessed  no  feeling  whatever,  and  in  pro* 
portion  as  the  sensorial  powers  and  consequently  the  feeling 
returned,  the  intensity  of  the  shocks  were  reduced ;  and  when 
it  is  also  considered  that  the  dogs  would  have  been  drowned 
had  these  experiments  not  been  made,  1  trust  1  shall  not  be 
accused  of  having  had  recourse  to  cruel  methods,  for  the 
purpose  of  putting  the  powers  of  the  voltaic  electricity  on  the 
animal  body,  to  the  test   of  experiment." 

WILLIAM   H.    HALSE. 
Brent,  near  Ashburton. 


LXXI.  On  Lightning  Conductors^  and  the  effects  of 
Lightning  on  Her  Majesty's  Ship  Rodney  and  certain 
other  Ships  of  the  British  Navy  ;  being  a  further  exami-- 
nation  of  Mr.  Sturgeon's  Memoir  on  Marine  Lightning 
Conductors.    By  W.  Snow  Harris,  jBsj.  2^.2?.  5.,  §-c, 


To  the  Editors  of  the  Philosophical  Magazine  Sf  Journal. 

Gbntlbmbn, 

1.  In  my  former  communication  (L.  and  E.  PhU.  Mag. 
yol.  xiv.  p.  461.)  I  considered  the  nature  of  a  well-known 
phenomenon  in  electricity,  termed  by  Cavallo,  Priestley,  and 
others  the  lateral  explosion,  and  shewed  that  it  did  not  apply 
to  the  state  of  a  metallic  rod  in  the  act  of  transmitting  a  va- 
nishing electrical  accumulation  between  two  opposed  electrified 
surfaces,  as  insisted  on  by  Mr.  Sturgeon  in  a  recent  number 
of  his  Annals  of  Electricity.  I  will  now  proceed  to  examine 
the  general  character  and  effect  of  ordinary  electrical  dis- 
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diarges,  whether  produced  on  the  great  scale  of  nature,  or 
artificially,  with  a  view  of  furdier  showing,  that  such  lateral 
explosions  do  not  occur  at  the  instant  of  the  passing  of  a 
shock  of  lightning  through  a  metallic  conductor,  as  also  with 
a  yiew  of  meeting  certain  other  objections  which  have  been  ad- 
vanced at  different  times  to  the  use  of  lightning  rods  in 
ships. 

2.  I  shoifld  not  have  felt  myself  called  upon  to  notice  fur- 
ther Mr.  Sturgeon's  memoir,  did  I  not  consider  the  statements 
it  contains,  although  superficial  and  inconclusive,  likely  to  mis* 
lead  the  public  upon  many  important  points,  connected  with 
the  effectual  protection  of  shipping,  against  the  destructive 
effects  of  lightning,  and  convey  fEilse  views  of  the  nature  of 
electrical  action.  Under  these  impressions  I  have  little 
hesitation  in  noticing  what  he  has  advanced  under  the  fol- 
lowing heads : — 

1st.  Examination  of  the  observed  effects  produced  on 
shipping  by  lightning. 

2nd.  A  comparison  of  the  observed  effects  of  lightning 
and  the  probable  effects  which  lightning  would  pro- 
duce by  the  application  of  Mr.  Harris's  conductors  to 
shipping. 

3.  The  first  contidns  an  excellent,  and  I  have  no  doubt,  an 
accurate  statement,  by  an  intelligent  officer  of  the  Rodney,  of 
the  destructive  effects  of  lightning  lately  experienced  in  tliat 
ship,  together  with  notices  of  two  cases  in  which  ships  fitted 
with  my  conductors  were  struck  by  lightning  without  any 
attendant  ill  consequence.  In  the  second,  it  is  the  author's 
object  to  prove,  from  the  effects  of  lightning  in  the  Rodney, 
that  my  system  is  inadmissible ;  since  the  discharge  of  light- 
ning, he  observes,  which  struck  the  Rodney,  **  would  ^ve 
been  powerful  enough  to  have  rendered  even  the  thickest 
part  of  Mr.  Harris's  conductors  sufficiently  hot  to  ignite  gun- 
powder. 

Considering  the  boldness  of  this  assertion,  and  the  high 
pretension  of  the  memoir,  we  should  expect,  on  examining 
the  author's  researches,  to  find  him  in  possession  of  a  copious 
induction  of  facts  from  well-authenticated  cases  of  damage  by 
lightning  on  ship-board,  iUustratinff  clearly  the  views  he  so 
strenuously  insists  on, — cases  in  which  continuous  or  other 
metallic  conductors  have  been  from  any  cause  placed  along 
the  masts  or  rigging,  and  in  whidi  the  electm  agency  found 
its  way  through  UiehuU  to  the  sea.  We  should  further  expect 
from  him,  something  like  an  examination  of  the  general  nature 
and  effects  of  electrical  discharges,  since  it  is  clear  before 
any  accurate  estimate  can  be  arrived  at,  of  the  relative  quan- 
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tity  of  dectricity  likely  to  be  discbarffed  firom  a  tfamider- 
cload,  and  the  probable  effects  of  metalBc  rods,  or  other  cod- 
doctors  set  up  with  a  Tiew  of  dfa-ecting  it  in  any  given  course, 
such  information  is  quite  indispensable. 

4.  Now  it  is  to  be  particularly  obsenred,  diat  Mr.  Stur- 
geon's memoir  is  reaUy  deficient  in  such  information ;  a  few 
clumsy  experiments  in  illustration  of  a  well-known  fact  in  elec- 
tricity, deceptiTcly  associated,  by  means  of  a  Tagueliypothesis, 
with  some  of  the  ordinary  effects  of  lightning,  on  a  ship  not 
hoeing  any  regular  conductor,  and  with  some  every-day  phe- 
nomena of  the  electrical  kite,  is  virtually  the  amount  of  all 
that  the  author  has  advanced,  under  the  imposing  title  of 
<<  Theoretical  and  Elxperimental  Researches. 

5.  In  illustration  of  the  careless  way  in  which  he  meets 
this  question,  it  may  not  be  out  of  place  to  notice  the  fol- 
lowing specimen  of  bis  inductive  philosophy, — being  the 
very  outset  of  the  comparison  he  has  proposed,  of  the  ob- 
served effects  of  lightnmg,  and  the  probable  effects  on  my 
conductors*. 

In  the  account  given  of  the  damage  recently  sustained  by 
H.M.  Ship  Rodney,  it  appears,  that  the  shock  of  li^tning 
which  shivered  the  top-gallant-mast,  damaged  the  top-mast» 
&c.,  &c.,  fell  on  a  small  brass  sheave  in  the  truck  for  signal 
balUards,  and  slightly  fused  it.  This  sheave  weighed  about 
four  ounces ;  it  was  only  about  an  inch  and  a  half  diameter, 
hollowed  except  at  the  centre  and  rim,  where  it  was  some- 
where about  half  an  inch  in  thickness.  The  lightning  also 
fell  on  the  copper  funnel  for  top-gallant  rigging,  being  a  hol- 
low cylindar  of  sixteen  inches  m  length,  10  inches  in  diame- 
ter, and  not  quite  a  quarter  of  an  inch  thick.  .  This  funnel 
was  not  anywnere  fused.  It  fell  also  on  other  metallic  masses, 
such  as  the  iron-bound  tie-block,  on  the  top-sail-yard,  &c.«&c., 
the  iron  hoops  of  the  masts,  &c.,  on  which  no  calorific  effect 
was  apparent. 

6.  r)ow  we  have  here  something  like  evidence  what  was 
really  the  actual  power  of  the  charge.  We  see,  for  example, 
that  it  did  not  fuse  a  copper  funnel,  16  inches  long,  10  inches 
in  diameter,  and  about  •  tn  of  an  inch  thick.  In  the  face  of 
which  fact  Mr.  Sturgeon  insists,  that  had  the  charge  fallen  on 
any  conductor,  the  thickest  part  of  it  would  have  Income  red- 
hot.  His  reasoning,  in  fact,  amounts  to  this ;  an  explosion 
of  lightning  having  slightly  fiised  a  small  brass  sheave,  weigh- 


•  Sturgeon's  Memoir,  MC.  904. 
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ing  4  ounces,  and  having  failed  to  fiise  a  short  copper  funnel, 
therefore  had  it  faUen  on  a  rod  of  copper  of  one  inch  in  dia- 
meter,  and  200  feet  long*,  that  rod  would  have  been  rendered 
red-hot 

This,  it  must  be  allowed,  is  a  somewhat  amusing  kind  of 
special  pleading,  quite  unprecedented,  I  believe,  in  any  piqper 
on  science. 

7*  The  author  wishes  to  strengthen  his  deduction,  such  as 
it  is,  by  adverting  in  a  foot-note  to  the  case  of  a  small  brig 
struck  by  lightning,  in  which  some  part  of  a  chain  conductor 
is  supposed  to  have  been  fused ;  how  much  is  not  known,  <^as 
the  lower  part  fell  overboard."  The  statement  is  ^ven  with- 
out any  quoted  authority,  and  is  altogether  deficient  in  die 
very  information  most  required,  viz.  the  size  of  the  chain^and 
haw  much  of  it  was  fused.  Let  us,  however,  take  it  upon 
the  author's  own  ground,  and  suppose  the  conductor  to  have 
been  such  as  is  commonly  used  in  the  merchant  service, — ^that 
is  to  say,  links  of  iron  wire  about  one-fourth  of  an  inch  in 
diameter,  united  by  rings,  a  kind  of  conductor  very  easily  dis- 
jointed and  fused  at  the  points  of  junction  by  lightning ; — ^the 
reasoning  then  stands  thus :  because  a  shock  of  %htning 
fiised  and  disjointed  some  unknown  portion  of  a  lightning 
chain  in  a  merchant  brig,  therefore  tne  same  shock,  had  it 
fallen  on  a  solid  copper  rod  of  one  inch  in  diameter  and  100 
feet  long,  would  have  rendered  that  rod  redhot. 

8.  The  fallacy  and  entire  worthlessness  of  such  reasoning, 
seems  not  altogether  to  have  escaped  Mr.  Sturgeon's  notice, 
as  appears  by  his  amplification  of  the  above  effects ;  thus  on 
entermg  upon  the  comparison  of  the  effects  of  lightnini;,  he 
resorts  to  a  sort  of  wholesale  dealing,  and  leads  the  reader  to 
conclude  that  the  entire  sheave  in  the  Rodney  and  all  the 
brigs'  conductor  underwent  fusion.  But  even  if  it  were  so, 
no  such  conclusion  as  that  above  mentioned  is  admissible  f, 
especially  in  reference  to  a  continuous  and  massive  conductor 


•  This  is  the  eqaiTalent  of  my  conductor  on  the  main-mast  of  snch  a  ship 
as  the  Rodney,  taking  it  at  its  least  ralne. 

f  "  Were  there  no  other  data  than  those  of  theyiMton  of  the  metallic  sheare 
in  the  Rodney  and  the  fasion  of  the  chain  condudor  in  the  brig  Jane,"  &c-&o. 

''The  impressions  which  these  facts  convey  to  the  mind  are  too  definite  to 
be  easily  understood ;  they  clearly  imply  that  either  of  the  discharges  which 
struck  Uie  Rodney  or  Jane  would  hare  rendered  the  thickest  part  of  Mr. 
Harris's  conductor  suffidenUy  hot  to  ignite  gunpowder,"  &c.  &o.— Star, 
geon's  Memoir,  sec.  204. 
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tennmatiiig  in  a  point,  and  equalizing  witli  inconceivable  ra* 
pidity  the  disturbed  electrical  state  of  the  sea  and  clouds. 

9.  The  manifest  deficiency  of  sound  practical  information 
in  Mr.  Sturgeon's  memoir,  imposes  upon  me  the  necessity  of 
advertinff  to  the  general  character  and  operation  of  common 
electrics!  discharges,  whether  produced  by  artificial  means  or 
on  the  great  scale  of  nature.  In  doing  this  I  have  no  desire  to 
excuse  myself,  in  case  1  should  not  have  written  clearly  and 
explicitly  on  the  subject,  since  in  no  department  of  physics  is 
the  field  of  observation  so  fertile,  and  tne  path  of  experiment 
80  suic©  and  easy.  We  have  before  us  the  experience  of  nearly 
a  century,  during  which  time  lightning-rods  have  been  em- 
ployed; a  great  number  of  instances  have  occurred  of  shocks 
pf  lightning  falling  on  ships  under  a  variety  of  different  cir- 
cumstances, in  some  cases  where  lightning  conductors  have 
been  present,  in  others  where  absent ;  in  many  instances  where 
ships  have  been  near  each  other  and  exposed  to  the  same 
storm,  some  having  conductors,  others  not.  The  general  laws 
of  the  discharge  are  traceable  in  them  all,  and  the  effects  on 
metallic  bodies  distinctly  shown.  On  the  other  hand,  we  can 
on  a  minor  scale,  imitate  successfully  the  great  operations  of 
nature,  and  examine  experimentally  every  possible  contin- 
gency attendant  on  the  operation  of  a  shock  of  lightning  in  a 
ship.  It  is  our  own  fault,  therefore,  if  we  do  not  treat  the 
subject  scientificall]^,  and  arrive  at  complete  practical  solu- 
tions of  such  questions  as  these :  Is  a  lightning  conductor 
desirable  in  a  ship?  Will  it  cause  b]^  attraction  a  shock  of 
lightning  to  fall  on  a  ship  when  otherwise  such  would  not  take 
pkce  ?  If  so,  can  it  cause  damage  bv  its  inability  to  get  rid 
of  the  lightning  which  falls  on  it?  What  is  the  best  form 
and  dimensions  of  a  lightning  conductor  for  a  ship  f  What 
is  the  greatest  probable  force  of  lightning  to  which  it  may 
become  exposed  ?  Is  it  liable  ^  to  cause  damage  by  any 
lateral  operation  of  the  charge  passing  through  it  ?  I  say,  if 
such  questions  as  these  cannot  now  be  reasonably  detenmned 
they  probably  never  can ;  and,  therefore,  any  one  who  writes 
or  reasons  obscurely  about  them,  and  without  due  regard  to 
a  good  induction  of  facts,  can  have  no  claim  to  be  considered 
as  a  sound  reasoner  in  experimental  science ;  for,  as  beauti- 
fully observed  by  Lord  Bacon  "  Man,  who  is  the  servant  of 
nature,  can  act  and  understand  no  further  than  he  has,  either 
in  operation  or  in  contemplation,  observed  of  the  method  and 
order  of  nature.''  Under  these  impressions  I  proceed  to 
examine  the  general  character  and  effects  of  electrical  dis- 
charges as  exhibited  artificially,  and  on  the  great  scale  of 
nature. 
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10.  Although  some  theoretical  differences  may  haTe  arisen 
concerning  the  precise  nature  of  electricity,  yet  the  following 
explanation  runs  sufficiently  parallel  with  facts  to  entitle  it  to 
our  confidence,  and  put  us  in  possession  of  one  of  the  great 
advantages  of  every  theory,  viz.  a  classification  and  con- 
nexion of  observed  effects ;  the  province  of  human  knowledge, 
being,  as  justly  observed  by  a  most  intellectual  and  accom- 
plished writer,  ^^to  observe  facts,  and  trace  what  their 
relations  are."* 

General  principles : — 

11.  There  is  an  invisible  agency  in  the  material  world  inti- 
mately associated  with  common  matter,  termed  electricity. 

12.  Lightning,  thunder,  and  a  variety  of  analogous  pheno- 
mena of  a  minor  kind,  artificially  produced^  resmt  from  dis- 
charges of  this  agency  between  oodies  differently  affected 
by  it. 

13.  In  every  case  of  electrical  discharge  there  are  two 
surfaces  of  action ;  one  existing  on  some  substance  eager  to 
throw  off  redundant  electricity,  being,  accorcUng  to  Dr. 
Franklin,  overcharged  with  it;  the  other  existing  in  some 
other  substance  eager  to  receive  electricity,  being,  according 
to  the  same  philosopher,  deficient  of  it,  or  undercharged. 

14.  Two  opposed  bodies,  when  ]^laced  in  these  opposite 
electrical  states,  have  a  sort  of  exclusive  action  on  each  other, 
either  directly  through  any  intervening  substance,  whether  a 
conductor  of  the  electrical  principle  or  not,  or  otherwise  indi- 
rectly through  any  ktteral  circuit. 

Thus  two  metallic  surfaces  A  B  Tfig.  1,  plate  X.)  pasted  on 
the  opposite  sides  of  a  square  of  gls^  c  dy  have,  when  the 
square  is  said  to  be  charged,  an  exclusive  action  on  each  other, 
either  through  the  intervening  glass,  or  otherwise  through  any 
conductor,   A  o  B,  connecting  them. 

Now  we  have  only  to  suppose  these  planes  placed  further 
apart,  as  in  fig.  2,  to  have  a  discharging  conductor,  m  n,  of 
greater  or  less  extent  between  them,  to  be  greatly  increased 
m  size,  to  be  separated  by  ur  instead  of  glass,  and  to  consist 
of  free  vapour  or  water,  and  we  have  a  pretty  faithful  repre- 
sentation of  the  conditions,  under  which  a  discharge  of  light- 
ning takes  place,  when  passing  partly  through  the  air,  and 
partly  through  a  discharging  conductor,  m  n,  or  any  other 
body,  c  d,  placed  on  the  plane  B.f 


•  Abercrombie  on  the  Intellectoal  Powers. 

f  The  UiicknesB  of  the  inter? euing  air,  and  the  amount  of  free  electricity 
in  the  clonds,  has  led  Professor  Henry  to  question  in  some  measure,  tlie 
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15.  Any  continuous  metallic  rod  or  other  body,  m  n,  (fig. 
2,)  connected  with  the  lower  plane,  must  be  consider^ 
merely  as  a  passive  way  of  access  for  the  charge  so  far  as  it 
goes;  the  electrical  agency  being  observed  to  seize  upon 
substances  best  adapted  and  in  a  position  to  facihtate  its  pro- 
gress, or  otherwise  to  fall  with  destructive  effect  upon  sucn  as 
resist  it. 

16.  It  is  easy  to  perceive  here,  that  the  presence  of  a  con- 
ducting rod,  m  n  (fiff.  2,)  or  other  conducting  body,  has 
nothing  whatever  to  ao  with  the  great  natural  action  set  up 
between  the  planes  A  B.  It  is  in  fact  to  be  considered 
merely  as  a  point  in  one  of  them.  The  original  accumulation 
of  electricity  and  subsequent  discharge,  would  necessarily  ffo 
on  whether  such  a  rod  were  present  or  not,  as  is  completely 
shown  by  experience.  When  present,  its  operation  is  confined 
to  the  transmission,  so  far  as  it  extends,  of  that  portion  of  the 
charge  which  happens  to  fall  upon  it ;  and  since  it  is  quite 
impossible  to  avoid  the  presence  of  conducting  bodies  in  the 
construction  of  ships,  it  is  the  more  important  to  understand 
clearly  in  what  way  damage  by  lightning  occurs  to  the  general 
mass,  and  how  it  may  be  best  avoided.  i 

17.  When  discharges  of  lightning  fall  upon  a  ship  in  the 
way  above  stated,  as  being  a  heterogeneous  mass  fortuitously 
placed  between  the  charged  surfaces  A  B  (fig.  3.),  the  course 
of  the  discharge  is  always  determined  through  a  certain  line 
or  lines,  which  upon  the  whole  least  resist  its  progress.  The 
interposed  air  between  the  ship  and  the  clouds  first  gives  way 
in  some  particular  point,  probably  the  weakest, — suppose  at 


rsrfect  analogy  of  a  discharge  of  lightning,  with  that  of  a  Leyden  jar ;  but 
think  npon  mature  consideration  this  circumstance  will  not  lie  found  in  any 
way  sabTersive  of  the  general  principle.  Thas  whether  electricity  be  aocn- 
mnlated  on  thick  glass  or  on  tnin,  the  result  is  the  same ;  it  is  merely  the 
intensity  as  indicated  by  the  electrometer  which  changes. 

Now  the  term  free  electricity,  applies  to  the  greater  or  lesser  influence  of 
the  opposed  coating  in  respect  of  other  bodies.  In  the  case  of  the  opposed 
surfaces  of  the  clouds  and  earth,  all  the  charge  is  necessarily  free  electncitr, 
since  there  exists  no  other  point  upon  which  it  can  tend  to  discharge,  ui 
the  same  way  the  electric!^  of  the  jar,  when  the  eoatinss  are  Tery  near,  is 
nearly  all  redundant,  or  free  electricity,  in  respect  of  the  action  between 
them,  although  latent  in  respect  of  other  bodies.  Hence  with  a  moderate 
accumulation,  the  electrometer  exhibits  but  a  small  intensity,  if  any.  The 
only  difference  at  the  time  of  the  discharge,  is  in  the  position  of  the  dis- 
cliarging  circuit,  which  in  the  case  of  the  clouds  and  sea,  is  directly  in  the 
intenral  of  separation ;  and  as  we  find  the  principal  of  induction  always 
active  in  cases  of  lightning,  the  thickness  of  the  stratum  has  eridenUy  no 
influence  on  the  conditions  of  the  accumulaUon,  especially  when  we  consider 
the  great  extent  of  the  opposed  surfaces,  which  may  nossibly  he  20,000  or 
mure  square  acres.  Dr.  Faraday  has  shewn  that  no  distance  exclaoes  the 
the  inductire  action. 
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A,  fig.  3 ; — ^the  electrical  agency  then  meeting  with  continued 
resistance  from  the  non-conducting  particles  of  air,  is  often 
turned  into  a  tortuous  course.  Suppose  it  arrives  in  this  way 
at  some  point,  m,  in  the  vicinity  of  a  ship  at  k^  the  question 
whether  it  would  strike  upon  the  mast  at  y  would  be  determined 
by  the  resbtance  in  the  direction  of  m  y  k^  as  compared 
with  that  in  any  other  direction  m,  B;  whether,  in  fact, 
it  would  be  easier  to  break  down  the  remaining  air  in  the 
direction  M  B,  or  otherwise  the  air  in  the  direction  m  y, 
supposing  the  ship's  mast  to  facilitate  the  progress  in  that 
direction. 

18.  Let  the  charge  however  strike  in  the  direction  tn  y,  and 
so  fall  upon  the  mast, — then  in  proceeding  to  its  ultimate 
destination,  viz.  the  plane  of  the  sea  B,  its  course  is  still 
determined  by  the  same  general  principles ;  that  is  to  say,  it 
seizes  upon  all  those  bodies  which  tend  to  assist  its  progress, 
and  which  at  the  same  time  happen  to  be  placed  in  certain 
relative  positions,  and  upon  no  others,  falling  with  destructive 
effect  upon  intervening  bad  conductors,  and  exhibiting  in  non« 
conductmg  intervals  all  the  effects  of  a  powerful  expansive 
force.  If  we  examine  carefully  the  course  of  dischioges  of 
lightning  on  ships  in  some  hundred  instances  in  which  damage 
has  ensued,  we  shall  find  this  effect  invariable.  The  damage 
has  always  occurred  where  good  conductors  cease  to  be  con- 
tinued, and  the  destructive  consequences  most  apparent  are 
thosQ  usually  produced  by  expansion.  The  calorific  effects,  ex- 
cept as  depending  on  this  cause,  are  really  inconsiderable ;  tliere 
are  comparatively  few  instances  in  which  metallic  bodies  have 
been  fused,  and  no  instance  in  which  a  bolt  or  chain  of  any 
considerable  magnitude  has  been  even  much  heated. 

The  following  experimental  and  natural  illustrations  of  these 
facts  will  be  found  conclusive  and  interesting. 

Exp.  1.  Lay  some  small  detached  pieces  of  leaf-^old  a,  b, 
c,  df  &c.  on  a  piece  of  paper,  as  represented  in  fig.  4 ;  pass  a 
dense  shock  of  electricity  over  these,  from  the  commencement 
at  A  to  the  termination  at  B,  so  as  to  destroy  the  gold ;  the 
line  which  the  discharge  has  taken  will  be  thus  shown  by  the 
blacken^  parts;  the  result  will  be  as  in  fig.  5,  in  which  we 
perceive  the  course  of  the  discharge  has  been  in  the  dotted 
une  a,  by  dj  Bjjy  g,  h,  ^  being  the  least  resisting  line ;  and  it 
is  particularly  worthy  of  remark,  that  not  only  are  the  pieces 
c,  jb,  untouched,  being  from  their  positions  of  no  use  in  facili- 
tating the  progre^  of  the  charge,  but  even  portions  of  other 
pieces,  which  have  so  operated,  are  left  perfect,  as  in  the 
transverse  piece  i  and  portions  of  a,  d»  d,  e,  and/;  so  little  is 
there  any  tendency  to  a  lateral  discharge,  even  up  to  the 
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Eoint  of  dispersion  of  the  metallic  circuit  m  which  the  charge 
as  proceeded ;  indeed,  so  completely  is  the  effect  confined  to 
the  line  of  least  resistance,  tnat  percussion  powder  may  be 
placed  with  impunity  in  the  interval  between  the  portions  c,  d. 
Now  the  separate  pieces  of  leaf-gold  thus  placed,  may  be 
taken  to  represent  detached  conducting  masses  fortuitously 
placed  along  the  mast  and  hull  of  a  ship. 

Exp.  2.  Let  a  thin  continuous  line,  m,  n,  be  passed 
through  the  separated  pieces,  and  a  dense  accumulation  dis- 
charged over  the  whole,  as  in  the  preceeding  case.  The  effect 
will  be  as  represented  in  fig.  6. ;  the  discharge  will  be  confined 
to  the  line  of  least  resistance ;  and  we  may  perceive  in  this,  as 
in  the  former  case,  that  those  pieces,  or  parts  of  pieces,  out 
of  the  track  of  the  discharge,  are  not  affected ;  thus  a  part 
only  of  the  piece  g  is  destroyed,  also  of  the  piece  t,  whilst 
other  pieces,  6,  dy  e^fyl,  which  in  the  former  case,  where  the 
continuous  line,  a,  6,  was  not  present,  were  blackened  by  the 
discharge,  remain  here  perfect 

Exp.  3.  If  the  continuous  line  A,  B  (figs.  7,  8)  be  assisted 
by  other  comparatively  short  collateral  branches,  as  </  e,  dCy 
having  one  common  connexion  at  B,  then  a  discharge  which 
would  destroy  the  line  A,  B,  will  divide  upon  these  amdliaiT 
lines,  and  the  part  dy  B  will  either  escape,  or  the  ^ole  will 
suffer  together. 

Exp.  4.  Pass  a  discharge  over  a  strip  of  gold-leaf,  as  A, 
fig.  2 ;  every  part  of  it,  as  indicated  by  the  last  experiment, 
w^  participate  in  the  shock ;  and  if  it  be  of  uniform  density 
and  thickness  it  will  be  everywhere  equally  affected,  so  that 
one  portion  will  not  be  destroyed  without  the  whole.  This 
remdt  will  be  readily  distinguished  finom  that  represented  at  d 
and  t,  fig.  5,  where  the  masses  lie  across  the  track  of  the 
discharge. 

The  diagrams  here  referred  to,  are  copied  firom  the  actual 
effects  of  the  electrical  discharge  in  the  way  above  mentioned. 

19.  These  experiments  are  instructive.  They  evidently 
prove,  that  an  electrical  explosion  will  not  leave  a  good  con- 
ductor, constituting  an  efficient  line  of  action,  to  fall  upon 
bodies  out  of  that  line.  Mr.  Sturgeon's  assertion  that  a  con- 
ductor on  a  ship's  mast  would  operate  on  the  magazine  is 
therefore  quite  unwarranted.  Besides,  we  have  many  instances 
of  the  masts  having  been  shivered  by  lightning  into  the  step, 
whilst  acting  as  partial  conductors,  without  any  such  conse- 
quence ;  as  happened  in  the  Mignoime  in  the  West  Indies, 
the  Thetis  at  Rto,  the  London,  Gibralter,  Goliath,  and  many 
others.  Instead,  therefore,  of  a  conductor  on  the  mast  being 
dangerous,  it  is  absolutely  requisite  as  a  source  of  safety  to  the 
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'iliiip,  by  confining  the  discharge  to  a  given  line  and  leading 
it  to  the  sea. 

20.  It  was  from  a  careful  consideration  of  the  common 
efiects  of  lightnings  and  from  such  experimental  fiufts  as  those 
above  mentioned,  that  I  was  led  to  suggest  the  propriety  of 
fitting  continuous  conductors  of  lightning  of  great  capacity  in 
the  masts  of  ships,  linking  them  by  efficient  communications, 
together  with  the  principal  detached  metallic  bodies  in  the 
hull,  into  one  general  continuous  system,  and  finally  connect- 
ing the  whole  with  the  sea.  These  conductors  consist  of  two 
laminae  of  copper-sheet,  varying  fix>m  one  inch  and  a  half  to 
five  inches  wide,  and  being  together  nearly  one*fourth  of  an 
inch  thick ;  they  are  inlaid  so  as  to  be  feir  with  the  surface  of 
the  mast,  and  form  a  series  of  shut-joints;  they  are  otherwise^ 
so  constructed  as  to  present  an  uninterrupted  line  of  action 
from  the  highest  point  to  the  sea.  The  method  has  been  par-* 
tially  used  in  the  British  navy  for  several  years,  and  has  been 
proved  in  every  way  efficient  In  no  case  has  any  of  the  ves- 
sels fitted  with  them  received  the  slightest  damage,  although 
firequently  exposed  to  severe  thunderstorms,  and  in  some 
instmces  actually  struck  by  heavy  discharges  similar  to  that 
which  fell  on  the  Rodney  in  December,  1838.* 

21.  If  we  consider  attentively  the  efiects  of  this  shock,  we 
shall  find  them  in  complefte  accordance  with  the  principles  just 
stated.  The  attendant  phenomena  were  of  the  simplest  kmd, 
and  such  as  have  always  occurred  in  cases  of  ships  struck  by 
lightning  not  having  a  continuous  conductor :  e.  g.  the  elec-^ 
trical  discharge,  in  forcing  its  way  between  the  sea  and  clouds^ 
over  resisting  intervals,  and  between  discontinuous  metallic 
masses,  was  productive  of  a  violent  expansive  efiect  in  these 
intervals ;  causing  at  the  same  time  a  considerable  evolution 
of  heat.  There  was  really  nothing  paerticularly  remarkable 
in  this  instance ;  the  course  of  the  discharge  was  a  very  simple 
affiur,  being,  according  to  the  law  of  electrical  action  just 
exemplified  (Exp.  2,)  in  the  line  or  lines  of  least  resistance 
from  the  highest  point  to  the  sea:  thus  the  coiu-se  of  the  dis- 
charge was,  as  represented  in  fig.  6,  plate  XI,  along  the 
masts  and  rigging,  upon  the  genersd  mass  of  the  hull  and  sea^ 
The  vane-spindle  ^r,  upon  which  the  accumulation  was  first 
concentrated,  was  of  course  severely  der.lt  with.  From  this, 
being  probably  assisted  by  the  moisture  on  the  sur&ce  of  the 
wood,  it  glanced  over  the  royal  pole  to  the  head  of  the  top- 


*  See  a  letter  in  the  Annals  for  January  lMt|  by  lientenant  SnlliTan, 
R.  N.,  who  witnessed  these  effects. 
Vol.  IV^No*  24,  Apnl,  1840.  N  if 
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gallant  mast  at  hy  where  it  found  intermediate  metallic  assist-^ 
ance  in  the  copper  funnel  for  the  top-gallant  rigging :  from 
this,  the  resistance  in  the  mass  of  the  wood  appears  to  have 
been  less  than  that  on  its  surface,  probably  from  the  long 
interval  of  air  between  the  fimnel  and  condueting  bodies  about 
the  cap  below,  the  mast  was  therefore  split  open  as  far  as  the 
cap  at  c.  Here  again  it  was  enabled  to  strike  over  the  surface 
of  the  mast,  upon  the  metals  about  the  parrel  of  the  top-sail- 
yard  at  cZ,  where  the  accumulation  became  again  concentrated, 
producing  a  powerftd  expansion  and  heating  effect  so  &r  as 
the  lower  cap  at  e ;  and  thus  it  passed  along  per  saltum  over 
the  lower  mast  m.  from  one  metallic  mass  to  another,  until 
within  a  striking  distance  8  of  the  sea  and  hull,  it  divided 
upon  the  hull  and  sea  in  convenient  directions  a  fiy  s  o^  s  p. 
In  this  course,  as  indicated  by  the  waving  black  line  a,  A,  c, 
rf,  &c.,  it  evidently  sought  assistance  from  all  the  conducting 
matter  it  could  seize  upon ;  such  as  the  wet  ropes,  the  copper 
funnel  for  top-gallant  rigging  at  6,  the  iron  work  and  other 
bodies  about  the  topmast  cap  at  Cy  as  also  the  men  in  the  top- 
gallant crosstrees  at  c.  The  charge  evidently  divided  upon 
tiliem  in  proportion  to  the  assistance  each  could  afford  as  a 
small  auxiliary  circuit,  as  Exp.  3;  the  men  nearest  the  mast 
would  be  necessarily  in  the  more  direct  course  of  the  discharge, 
the  others  would  be  more  or  less  so  according  to  their  respec- 
tive positions  ;  that  these  poor  fellows  who  were  killed  suffered 
in  this  way  as  being  conductors  to  parts  of  the  charge  is 
evident  from  the  appearance  of  the  bodies.  Mr.  Sturgeon 
calls  especial  attention  to  the  circumstance  of  the  men  being 
thrown  in  opposite  directions,  and  thinks  it  remarkable :  but 
how  could  it  be  otherwise  ?  the  intervening  air  being  caused 
to  expand  violently  from  a  central  point,  would  necessarilj 
operate  as  a  central  force ;  surely  there  is  nothing  very  new  in 
this.*  About  the  parrel  of  the  topsail-yard  at  rf,  we  should 
expect  again  power  effects ;  for  here  again  the  charge  became 
concentrated,  and  set  the  sail,  &c.,  on  fire.  This  is  quite  in 
accordance  with  the  known  laws  of  electrical  action ;  tnus  we 
find  the  points  of  ingress  and  egress  of  an  artificial  charge, 
when  caused  to  fiaJl  on  a  slip  of  gold-leaf  or  other  matter,  are 
always  those  in  which  the  most  powerful  effect  arises ;  and 
when  we  desire  to  fire  inflammable  matter  by  electricity  we 
place  it  directly  between  detached  metallic  points. 

22.  The  circumstance  of  the  lightning  striking  over  portions 
of  the  wet  mast  without  damage,  is  precisely  the  same  effect  as 
observed  in  certain  cases  of  artificial  electrical   dischai^ges. 

•  Certainly  nothing  new,  merely  «n  iostanee  of  the  effects  oilaterdl  explo- 
sion of  tlie  first  kind.    Edit. 
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Thus  a  very  slight  fihn  of  moisture  will  allow  ajar  intensely 
charged  to  discharge  a  luminous  ball  over  along  strip  of  glass. 
Dr.  Pranklin  found  he  could  destroy  a  diy  rat  by  an 
'electrical  shock  when  he  lailed  to  hurt  a  wet  one.  If  we 
continue  to  follow  the  discharge  we  find  similar  expansive 
and  destructive  effects ;  such  as  the  bursting  of  the  hoops  on 
the  mast,  &c.,  &c.,  which  will  sometimes  occur  and  some- 
times not 

23.  There  is  really  nothing  in  all  this  to  call  for  especial 
remark,  except  we  may  observe,  as  shown  by  the  experiments 
already  described,  that  if  a  good  capacious  conductor  had  been 
incorporated  with  the  mast  from  the  truck  to  the  metallic 
masses  in  the  hull  and  to  the  sea,  then  these  expansive  and 
destructive  effects  could  not  possibly  have  occurred;  since  the 
interrupted  circuit  would  have  been  avoided,  and  ihe  intense 
electrical  acUon  have  vanished,  or  nearly  so,  at  the  mast- 
head, for  it  would  have  no  longer  been  driven  to  force  its  way  in 
a  dense  explosive  form  to  the  hull  and  sea ;  of  this  we  have  the 
most  complete  evidence  from  experience,  particularly  in  the 
cases  of  the  ships  struck  by  lightning  having  such  conductors 
as  those  just  alluded  to,  curiously  enough  quoted  by  Mr. 
Sturgeon  as  evidence  to  the  contrary.  It  seems  a  strange  way 
of  disproving  a  feet  to  quote  those  who,  having  been  eye- 
witnesses, insist  upon  its  truth.  That  the  electric  matter 
finally  distributed  itself  upon  the  hull  as  well  as  on  the  sea, 
is  evident  from  the  circumstance  of  the  casing  of  Headers 
pump  at  tf  which  led  through  the  side  under  water  being, 
shivered ;  from  the  vivid  electrical  sparks  below,  and  from  tiie 
usual  smell  of  sulphur  in  the  well,  and  appearance  of  smoke 
in  the  orlop-deck. 

24.  The  interrupted  circuit  therefore  to  be  traced  here,  is 
first  from  the  vane-spindle  to  the  copper  funnel  of  top-gallant 
rigging ;  2nd,  from  this  to  the  conducting  bodies  at  the  heel 
of  the  top-gallant  mast;  drd,  thence  to  the  metallic  masses 
about  the  parrel  of  topsail-yard ;  4th,  between  this  and  the 
metallic  bodies  about  the  head  of  lower  mast ;  5th,  fix)m  this 
over  the  detached  metallic  bodies  on  lower  mast;  finally,  from 
lower  mast  to  the  hull  and  sea.  The  effect  of  this  shock  of 
lightning  appears  to  have  been  somewhat  palliated  by  heavy 
rain. 

Although  Mr.  Sturgeon  has  gone  fer  out  of  his  way  to  twist 
these  phenomena  into  an  accordance  with  certain  theoretical 
views,  and  sets  them  up  as  being  of  an  extraordinary  kind, 
they  are  nevertheless  of  a  very  simple  character,  and  are 
merely  illustrative  of  a  few  well-known  laws  of  electrical 
iaction. 

(To  b«  Continued.) 
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LXXII.  Mr.  Sturgeon's /burth  Letter  to  W,  Snow  Harris^ 
Esq.  on  the  subject  of  Marine  Lightning  Conductors. 

SlB, 

I  had  expected  that  the  fury  of  your  wrath  agsdnst  the  ex-f 
pose,  contained  m  my  fourth  memou',  of  the  probable  danger 
and  unnecessary  expense  consequent  upon  your  plan  of  light- 
ning conductors  being  e^tablisbed  in  the  royal  navy,  had  been 
totally  vented  in  your  first  unprecedented  volley  of  abuse ; 
but  in  this  expectation,  as  well  as  in  that  of  your  bein^  a  sci- 
entific reasoner,  I  havie  been  sadly  disappointed ;  for  instead 
p{  keeping  ^^  close  quarters,"  and  obs^rvmg  that  strict  candour 
which  ought  to  be  held  sacred  in  scientific  discussion,  and 
/especially  on  a  topic  of  such  high  nation^  importance  as  that 
of  marine  lightning  conductors,  you  still  keep  raving  on,  as 
if  determined,  by  your  coarse  bullying  lang^uage,  to  crush 
every  attempt  to  scrutinize  your  plan  of  conductors,  or  any 
notice  that  may  be  taken  of  those  jerrors  into  which  you  have 
obviously  fallen.  Such  asperous  domineering  may  probably 
be  suitable  enough  in  your  hands,  as  it  is  the  principal  weapon 
you  employ.  But  as  I  am  not  in  possession  of  an^  of  the  kmd, 
nor  of  any  desire  to  shine  in  a  contest  of  such  an  ignoble 
character,  I  most  willingly  acknowledge  yoti  as  master  of  that 
part  of  the  fields 

That  point  settled,  I  must  now  solicit  your  attention  to  ^ 
few  particulars  of  a  somewhat  more  important  character,  an4 
first  of  all  to  your  owp  confession  of  your  own  ignorance  of 
certain  points  of  electric  action.  Occasionally  you  deny  the 
existence  of  lateral  discharges  in  toto:  and,  occasionally^  you 
admit  some  kinds  of  lateral  discharges  and  deiw  others. 
Perhaps  you  will  acknowledge  that  the  mere  denial  of  a  fact 
is  no  proof  of  its  non-existence;  and  that  it  may  as  possibly 
be  grounded  on  the  mere  ignorance  of  the  party  denying  it. 
Moreover,  your  denying  a  fact  at  one  time  and  acKnowiedging 
it  at  another,  is  no  sure  indication  of  your  accuracy,  in  either 
pase,  emanatinff  from  a  sound  judgment. 

You  have  amnitted,  however,  in  page  317  of  this  volume 
that  there  is  such  a  phenomenon  as  a  lateral  explosiony  and 
you  have  admitted  also,  that  thb  lateral  explosion  produces 
mechanical  action,  hence,  you  have,  indirectly^  admitted  al) 
that  I  have  advanced  concerning  lateral  discharges  of  die 
first  kindJ^    For,  although  you  iseem  to  have  no  idea  at  all  of 


See  paragraph  193  of  my  foorth  Mepioir,  p9ge  174  of  thia  rolnme. 
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an  dectrical  jDove^  you  ought  to  have  known  that  such  a  wave 
must  necessarily  be  produced  by  the  expansive  force  of  the 
explosion ;  and  had  you  been  that  practical  man,  that  I  have 
all  along  expected  you  were,  you  would  have  known  that  i^ 
gold  leaf  electroscope  properly  exposed  would  indicate  an 
electrical  wave  during  the  occurrence  of  a  flash  of  lightning ; 
and  tjiat  a  similar  wave  is  produced  by  artificial  discharges. 
Such  facts,  however,  appearing  to  be  quite  unknown  to  you 
I  shall  not,  here,  trouble  you  more  about  them. 

I  cannot  but  admire  your  mode  of  attack  in  the  fourth  para-r 
graph  of  ^our  second  production  on  this  troublesome 
memoir  of  mine.  You  seem  to  be  labouring  under  some 
uneasiness  about  my  few  ^^  clumsy  experiments^''  which  not- 
withstanding your  self-sufficient  strong  position  in  the  scienfi-r 
fie  world,  seem,  by  paragraph  2,  to  have  produced  an 
apprehension  t)2at  they  may  possibly  open  the  eyes  of  those 
whom  your  elegant  experiments  before  tbe  l^avy  Board,  and 
highly  scientific  illustrations  of  the  effects  of  lightning  on 
ships^  masts  before  the  British  Association,  the  members  of 
the  United  Service  museum,  and  other  bodies,  have  so  long 
been  blinding. 

IJow,  it  so  happens,  that  those  few  *^  clumsy  experiments  "* 

of  mine,  ^^with  some  every-day  phenomena  of  the  electrical 

kite,"  are  the  very  facts  which  an  inventor  of  a  lightnmg  rod 

ought  to  be  perfectly  acquainted  with;    and  I  verily  brieve 

that,  had  you  been  sufficiently  familiar  with  the   *^  every-day 

phenomena,"   as  you  are  pleased  to  call  them,  you  could 

never  have  been  led  to  the  persuasion  that  the  effects  expert^ 

enced  on  board  the  Beagle  and  the  Dryad  were  any  indica- 

tions  of  those  ships  being  struck  by  lightning.      Eveij  sailor 

knows  well  that  snips  are  severely  shaken  by  a  peal  of  vicinal 

thunder,  though  no  lightning  stnkes  the  vessel;    and  if  you 

would  condescend  to  repeat  some  of  my   *^  clumsy  experi* 

ments"    with  the  electrical  kite,  during  a  lightning  storm^ 

you  would  soon  learn  that  the   *^ hissing  noise"    and  other 

phenomena,  witnessed  on  board  the  Beagle  and  the  Dryad ; 

are  the  constant  productions  of  electric  waves  in  the  atmos^ 

phere ;    sometimes  from  flashes  of  lightning  and  sometimes 

from  the  mere  tranrit  of  a  doud  over  the  kite.     Moreover,  a 

true  indication  of  the  Beagle  being  not  struck  by  the  prima-i 

tive  discharge  is,  that  neither  her  compasses  nor  her  chrono-r 

meters  were  magnetized  by  the  event ;  for  had  the  main-masts* 

conductor  transmitted  a  nash  of  lightning  as  has  been  sup-r 

posed,  no  circumstance  hitherto  brought  to  notice,  could 

possibly  have  prevented  the  magnetization  of  the  steel  in  the 

chronometer  which  was  pl^aced  so  near  to  that  conductor. 
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Again,  whatever  may  be  your  opinion  of  those  "every-day 
phenomena  of  the  electric  kite/'  I  have  always  considered 
that  some  of  those  which  I  have  recorded  are  very  far  from  being 
deserving  of  that  epithet  you  have  given  them.  They  are  ob- 
viously such  as  you  never  saw,  and,  I  believe,  they  are  such 
phenomena  as  you  are  unable  to  shew  recorded  by  any  other 
person.  My  electric  kite  experiments  have  probably  been 
more  extensive  than  those  of  any  other  person  of  the  present 
day ;  and,  to  me,  they  have  been  more  productive  of  correct 
views  of  electric  action  generally,  than  any  series  of  ex* 
periments  I  ever  before  pursued ;  and  led  me  to  other  investi- 
gations which  otherwise  I  might  not  have  thought  of. 

By  the  copious  discharges  occasionally  exhibited  at  my 
kite-string,  I  gained  a  knowledge  of  atmospheric  electrical 
waves,  and  of  the  causes  of  their  production.*  By  an  atten- 
tion to  the  motions  of  the  balls  of  a  Cavallo's  electro-scope, 
I  have  gained  a  knowledge  of  the  variableness  of  the  densnty 
of  atmospl^ric  electricity  in  windy  weather.  By  prosecuting 
my  kite  experiments  at  all  seasons  of  the  year,  for  about  six 
successive  years,  I  have  been  enabled  to  foretel  at  what 
season  of  the  year,  and  under  what  circumstances  of  weather, 
the  atmosphere  would  be  most  powerfully  electric  with 
respect  to  the  ground. 

By  making  my  experiments  in  places  remote  from  each 
other,  upon  lofty  mountains  and  in  low  valleys,  I  have  been 
enabled  to  understand  that  an  unclouded  atmosphere  is  coti' 
stantly  electro-positive  with  reference  to  the  earth.  By 
studying  this  fact  in  connexion  with  electric  waves,  I  have 
been  led  to  a  knowledge  of  the  cause  of  the  ground  being 
sometimes  electro-positive  with  respect  to  the  air  immediately 
above  it.  And  by  these  and  other  fluctuations  of  the  atmos- 
pheric electrical  pressure,  arbing  from  hygrometrical,  and 
thermometrical  changes,  &c.,  I  have  been  enabled  to  under- 
stand the  cause  of  the  ever-varying  electrical  condition  of 
bodies  composing  the  surface  of  the  earth. 

By  employing  several  kites  at  the  same  time,  at  different 
altitudes,  at  different  seasons  of  the  year,  I  gained  a  know- 
ledge of  the  different  electric  conditions  of  atmospheric  strata 
at  those  altitudes :  and  from  a  knowledge  of  the  atmosphere 
being  differently  electric  at  different  altitudes,  I  was  led  to 
infer  that  an  exceedingly  thin  stratum  of  air  would  be  differ- 
ently electric  on  its  upper  and  lower  surface. — ^Keeping  this 


•  See  my  fourth  Memoir,  page  ISl  of  this  volam^. 
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idea  in  view  whilst  repeating  some  of  the  beautiful  experiments 
described  in  Sir  Humphrey  Dav^^'sBakersian  Lecture  for  182^, 
I  was  led  to  suspect  that  thin  strata,  or  films,  of  metallic 
bodies  might  possibly  exhibit  different  electric  action  on  their 
opposite  surfaces,  which  I  found  to  be  the  case,  and  in  the 
year  1827,  I  constructed  my  dry  electric  column,  having  one 
metal  only ;  each  piece  having  a  relatively  positive  and  nega- 
tive surface.* 

From  my  success  with  the  dry  electric  column,  I  was  led 
to  a  "  few  clumsy  experiments''  in  galvanism ;  by  means  of 
which  I  shewed  that  metallic  contact  is  not  essentially  neces- 
sary to  the  production  of  galvanic  action.f  This  <fiscovery 
was  thought  of  sufficient  importance  by  Dr.  Faraday,  to 
deserve  a  place  in  the  Transactions  of  the  Royal  Society,  and 
to  select  it  from  my  book  as  a  fit  subject  for  the  theme  of  his 
8th  Series ;  forgetting,  however,  to  associate  the  name  of  the 
discoverer  with  the  fact.  It  was  by  contemplating  the  electrical 
character  of  the  same  kind  of  metal  under  different  states  of 
polish,  texture,  &c.,  that  I  was  led  to  the  discovery  of  making 
active  galvanic  combinations  with  one  kind  of  metal  only,  and 
of  shewing  that  cast  and  rolled  zinc  are  in  different  electric 
conditions.  It  was  in  consequence  of  this  discovery  that  I 
was  enabled  to  shew  that  rolled,  or  hammered  zinc  in  com- 
bination with  copper,  made  more  powerfid  galvamc  batteries, 
than  ca^t  zinc,  not  so  treated,  would  make  in  combination 
with  that  metaLX  This  discovery  was  also  honoured  with  a 
place  in  the  Philosophical  Transactions  of  the  Royal  Societv 
through  the  courtesy  of  Dr^  Faraday^  wh«,  considering  it 
sufficiently  important  to  form  a  prominent  feature  of  his  own 
dexterity  in  the  tactics  of  transplantation,  very  poUtely  handed 
it  to  the  Council  of  the  Royal  Society  as  a  discovery  of  his 
own,  placing  it  very  conspicuously  in  his  10th  Series. 

The  "  every  day  phenomena  at  the  electrical  kite,"  which 
gaveme  the  first  idea  of  thin  strata  being  differently  electrical 
on  their  opposite  sides,  led  me  to  the  supposition  that  the 
thinnest  films  which  constitute  metallic  crystalline  groups 
might  also  be  in  different  electrical  conditions.  This  idea  led 
me  to  an  extensive  series  of  "clumsy  experiment"  which 
were  perfectly  successful  in  shewing  that  each  separate  metal 
is  susceptible  of  exhibiting  thermo-electric  currents,  and  that 


*  See  my  Experimental  Researches  in  Electro-Manietism,  GalTanism^  &c. 
p.  64.  PabUflhed  in  1830»  by  Sherwood,  Gilbert  and  Piper. 

f  ibid  page  21, 83,  and  84. 

X  See  my  fiiperimental  Researches,  &c.  page  65 — 74. 
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each  grotip  of  the  ciystalline  fihns,  is^  hi  &ct,  an  electricai 
pile,  as  decidedly  as  any  electric  pile  formed  of  two  or  more 
distinct  kinds  of  metal* 

These  few  specimens  of  the  consequences  of  some  of  my 
**clmnsy  experiments"  and  "every-^day  phenomena  at  the 
electric  kite,"  may  probably  afford  yoti  an  idea  of  their  having 
been  viewed,  by  Dr.  Faraday  and  others,  under  a  very  different 
aspect  to  that  which  would  fain  place  them  in.  And,  indeed, 
from  the  tenour  of  your  first  letter  to  me,t  I  have  every 
teason  to  think  that,  your  present  disingenuity  and  want  of 
candour  are  the  mere  effects  of  the  lamentable  Electrophobia 
under  the  torments  of  which  my  fourth  memoir  has  so  unhap- 
pily placed  you :  and  that,  as  the  ardour  of  the  fever  abates, 
I  am  in  hopes  your  mind  will  gradually  be  restored  to  its 
usual  healthy  tone  of  vigour  and  conscientiousness;  and 
resume  its  capability  of  appreciating  the  labours  of  those  who, 
even  under  inexpressible  disadvantages,  have  so  long  been 
working  with  you  in  the  same  field  of  science.  Hence  it  is 
that,  notwithstanding  the  violations  of  courtesy  and  candour 
which  you  have  manifested  during  the  impulse  of  those  fervent 

riroxysms  under  which  you  have  been  unhappily  labouring,- 
most  willingly  and  sincerely  exonerate  you  firom  all  blame 
in  this  temporary  misunderstanding;  and  you  may  rest  per- 
fectly assured,  that,  whenever  liberality  and  candour  again 
emanate  firom  your  pen,  they  will  be  accompanied  by  my  best 
wishes  for  your  wel&re  and  success^ 

I  have  the  honour  to  be 

Sh", 

Your  obedient  Servant, 

WILLIAM  STURGEON. 

To  W.  Snow  Harris,  Esq. 

P.S* — ^The  state  of  the  controversy  will  be  seen  on  the  next 
page. 


*  Philosophical  Maga^iDe. 
t  See  page  S35  of  thia  Tolnme* 


Digitized  by  VjOOQ IC 


601 


Biilance  Sheet ;  or  the  present  state  of  the  Controversy, 


MR.  STURGEON, 


Has  shewn  that  the  exBeriments 
beforp  the  Navy  Board,  at  Plymoath,  wera 
i$»conehmve;  and  that  the  resulti  were  not 
doe  to  any  Baperiority  of  Mr.  Harris's  light- 
ning ooiumoton. — ^Page  163. 


MR.  HARRIS. 


Has  not  dtniedOte  inoonchuiveness  <d 
his  experiments  made  before  the  Nary 
Board,  at  Plymouth,  nor  attempted  to  shew 
anv  other  experiments  that  are  more  favoor- 
abletohis  system  of  condaoters  than  to 
.other  systems. 


Has  shewn  that  there  are  three  distinct  \ 
kinds  of  lateral  ditehur^y  and  has  de»cri-  f 
beddiejfrtf  kind  and  iu  nwrhanwal  efleots.  [ 
~P.  174. ) 


I  Has  indirectly  acknowledged  the  Jlrtt 
kind  of  latertU  discharoe^  and  also  its 
meehanieal  action  —P.  'M7. 


Has  deaeribed  the  •eeond  kind  of  lateral  \ 
diteharge,  at  page  174,  He  now  refers  the  I 
readra*  to  the  Athenvnm  for  Sept.  30th,  | 
1837.    Pag«;  717,  Mr.  Addams  stated  that  I 

he  had  onoe  seen  txpou  the  discharge  of  a  ; 
large  electrical  battery,  a  wire  splendidly 
illuminated  by  the  lateral  discharge,  and  I 
exhibiting  the  oorruscations  spoken  of  by  | 
Professor  Henry." 


11>enies  this  kind  of  lateral  disehaiige  in 
the  present  discussion,  page  318  of  this  Td. 
but,  told  the  British  Association,  at  Lircr- 
pool,  that  "he  had  produced  beantiAil 
llliimiwfiTur  tuftpe*-  *-—  -* * • ^  — *— =  -' *— 


Has  deaeribed  the  third  kind  of  lateral ) 
discharge,  and  shewn  the  cause  of  its  pro-  y 

Ani*ieat P.  174..  I 


dudioD.— P.  174< 


(Acknowledges  this  kind  of  lateral  dis- 
ohaige ;  but  ^ves  a  different  ocplanation  of 
the 


Has  oontempUUed  the  deetrical  eooditiao 
of  a  ligbtin^-rod,  during  the  time  of  it* 
earrfing  a  discharge ;  and  the  efliKts  conse- 
quent upon  that  electric  conditiou. — P.  174, 
and  418, 419,  of  this  vol 


Has  described,  and  shewn  the  effeott  of, 
eUetrie  ic«Wf.—P.  174,  l^t),  181,  182,  of 
thisTol.   ' 


Has  eoDiemplated  the  electrical  oonditkm 
of  a  lightning  rod.  prior  to  ihe  discharge 
takine^  place,  and  consequently  when  no 
lightnmgwas  present,  nor  any  conductor 
.necessary.— P.  3l6, 317,  419,  of  this  rol. 


11 


Has  not  taken  into  consideration  eleUri' 
calw4ive$. 


Has  described  the 
uomena  consequent 


ke  electro-mamelic  phe-\ 
t  upon  a  flash  of  li^t- 
mam-mast  conductor  of 


ninff  traversing  the 

H.M.8.  Beagle;  and  has  shewn  that, as 


noimigiytic 


were  produced,  the  pro- 


babilit^  is,  that  the  primitiTe  flash  of  Hgfat- 
nii^  did  not  strike  the  renel ;  the  observed 
efleets  bdng  due  to  an  electric  wave.— P.179.; 


Insists  on  the  Beef^  being  struck ;  but 
for  want  of  due  attention  to  the  inflnmoe  of 
electrie  waves  ;  and  the  dectn>-macD 
influence  of  a  primitive  discharge  of  lij , 
ning.  he  has  not  takau  thdr  effeots  into 
conSderation. 


Has  taken  into  consideration  the  \ 
hie  effects  of  obU^  flashes  of  lighti 
the  rigging  of  shipe. 


Has  not  noticed  the  probable  efiSBCts  of 
1  oblique  flashes  of  lightning  on  the  rigging. 


Has  disposed  his  system  of  ooxuluctors  so 
as  to  prevent,  as  fer  as  possible,the  efiisctB  of 
oblique  flashes,  in  the  rigging. 


}l 


Has  disposed  his  system  of  eonduotor*  so 
as  to  afford  no  protection  whatever  to  the 
exterior  rigging,  against  oblique  flashes. 


Has  dimosed  his  system  of  conductors  so  | 
as  to  distribute  lightning  into  several  branch  [ 
conductors,  and  scatter  its  eflfecti  into  com-  > 
parativdy  hanaless  streams,  almost  the  1 
moment  it  arrives  at  the  rigging.  I 


I     Has  dispoaed  his  system  of  oonducAors  so 

(  as  to  give  no  atnstaHce  to  each  other  above 

deck. 


Has  disposed  his  oonduotors  so 
vent  the  lightning  entering  the 
carrying  It  overboard  on  both  sides. 


as  to  pro- )      j 
i  ship,  by  r     "j  as 
»- )       I  re 


Has  disposed  his  system  of  conductors  so 

to  lead  the  lightning  into  the  body  of  the 

vessel. 


Has  disposed  his  s>stem  of  branch  con- \ 
dnetorsj   so  as  to  counteract  each  other's  | 

la^netio  effects  on  steering  compasses,  t 
chronometers,  tee.  placed  near  to  the  axis  of  ( 
the  vessel;  whether  those  instnunents  be) 
placed  above  or  below  deck. / 


Has  disposed  hb  system  of  conductors  so 
as  to  give  great  facility  to  magnetic  actionon 
compasses,  chronometers,  Uc.  plaoe4  either 
on  deck  or  below. 




The  difference  of  ttie  expense,  time  requisite  for  the  equipment  of  a  &•  gun  frigate 
with  the  two  systems  of  eopdoctors,may  be  seen  at  page  lOOof  this  volume. 

Vol.  IV.— No.  24,  April,  1840.  O  o 


Digitized  byCjOOQlC 


502 


LXXIII. — Voltaic  reaction^  or  the  phenomenon  usually  termed 
Polarization.   By  Mr.  W.  R.  Grove. 

On  Friday  evening,  the  18th  instant,  Mr.  W.  R,  Grove,  de- 
livered in  the  Theatre  of  the  Royal  Institution,  of  Great  Britain 
a  very  interesting  discourse  on  "Voltaic  reaction,  or  the 
phenomenon,  usually  termed  Polarization,**  and  at  the  conclu- 
sion, exhibited  the  eflfects  produced  by  his  new  and 
siurprising  voltaic  combination. 

We  feel  it  impossible  to  condense  the  subject  as  treated 
by  Mr.  Grove,  it  should  be  given  verbatim  through  each  step 
of  his  inductions,  and  well  deserves  fall  publication ;  we  are 
happy  however  to  be  able  to  famish  some  particulars  as  to 
the  astonishing  performances  of  the  batteries  employed,  which 
the  audience  were  informed  were  prepared  for  the  occajdon  by 
Messrs.  Watkins  and  HiU,  of  Charing  Cross. 

Mr.  Grove  had  his  batteries  arranged  in  two  forms,  one 
developed  the  condition  of  "intensity,"  while  the  other 
exhibited  "  quantity,"  and  from  the  effects  observed,  it  wjls 
manifest  that  in  both  cases  a  most  judicious  arrangement  had 
been  adopted. — ^The  "quantity"  battery  consisted  of  40  pairs 
of  4  inch  square  platinum  plates,  with  double  amalgamated  zinc 
plates  with  porous  cells  and  porcelain  troughs  arranged  in  series 
of  eight,  5  pairs  of  plates. — ^Nitric  acid  being  in  contact  with 
the  platinum,  and  a  diluted  acid  solution  of  sulphuric  acid 
and  water  in  contact  with  the  amalgamated  zinc. — ^The  pla* 
tinum  and  amalgamated  zinc  plates  were  arranged  in  their 
proper  cells,  and  supplied  with  acid  sometime  previous  to  the 
lecture,  and  it  was  noticed  that  no  action  was  visible,  indeed 
all  apparently  was  in  perfect  repose  for  three  hours,  until  the 
moment  of  completing  the  circuit,  by  ioining  the  positive  and 
negative  ends  of  the  battery  by  a  conducting  substance.  The 
wonderful  energy  of  the  arrangement  then  developed  itself.  In 
the  farst  instance  with  the  "  quantity,"  arrangement  of  eight 
5  pairs,  each  4  inches  square,  when  die  circuit  was  completed 
through  a  large  voltameter  prepared  for  the  occasion,  one 
hundred  and  ten  cubic  inches  per  minute  of  the  gases  was 
evolved  by  the  decomposition  of  water. 

We  believe  this  is  the  farst  instance  wherein  so  large  a 
quantity  of  gas  has  been  produced  by  voltaic  action  in  the 
short  period  of  a  minute. 

The  heating  effects  of  this  quantity  battery  were  far  above 
that  obtained  by  any  previous  voltaic  combination,  for  it 
fased  a  thick  iron  wire  ,i  th  inch  diameter,  and  10  inches 
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longy  and  a  slip  of  thick  platinum  foil  12  inch  long  and  1  inch 
in  breadihy  was  rendered  white  hot 

Mr.  Grove  then  referred  to  his  "  intensity"  battery  which 
only  covered  a  square  surfieu^e  of  16  inches  oi)  each  side.  The 
cells  were  4  inches  high  and  consisted  of  50  pairs  of  platinum 
plates  2  inch  ^  3  inch,  with  double  amalgamated  zincs.  With 
this  comparatively  small  intensity-battery  an  arc  of  flame, 
between  charcoal  points,  was  observed  Ij  inch  long  fiised 
large  and  thick  iron  wire.  Mr.  Faraday  having  lent  his  pocket 
knife  to  the  lecturer,  the  large  blade  was  instantly  deflagrated, 
exhibiting  a  splendid  shower  of  scintillations  of  steel.  Large 
masses  of  zinc,  copper,  soft  iron,  &c.  were  then  submitted  to 
the  action  of  the  battery,  and  a  most  splendid  series  of  com- 
bustions were  the  consequence,  the  colour  of  the  Ught  being 
dependent  upon  the  metal  employed. 

Mr.  Grove  adverted  to  the  letter  of  Professor  Jacobi,  of 
St  Petersburgh,  to  Mr.  Faraday,  pubUshed  five  months  after 
his,  Mr.  Grove's  first  paper  on  the  battery,  in  which  it  was 
stated  some  extraordinary  eflects  of  decomposition  and  mag- 
netic action  had  been  obtained  by  a  battery,  of  which  the 
Rrofessor  did  not  give  the  particulars. 

Mr.  Jacobi  however  has  since  this,  without  hesitation, 
acknowledged  to  Mr.  Patterson,  who  witnessed  his  experi- 
ments last  October,  that  the  voltaic  combination,  he  employed, 
was  that  of  Mr.  Grove  as  originally  published  in  the  Compte 
Rendu  of  the  French  Academy. 

We  cannot  conclude  this  hasty  sketch  of  the  evening's 
exhibition,  without  expressing  our  conviction  that  Mr.  Grove 
has  rendered  a  great  boon  to  science,  by  the  pubUcation  of 
his  researches  on  voltaic  combinations,  and  we  trust  he  will 
continue  his  labours  in  this  fertile  department  of  experimental 
science. 


UCKIV.— Review  and  Notices  of  New  Books An  Outline 

of  the  Sciences  of  Heat  and  Electricity.  By  Thomas 
Thomson,  M.  D.  Regius  Professor  of  Chemistry  in  the 
University  of  Glasgow^  ^c.  Sfc.  Sfc.  FL  BailUere,  219, 
Regent-street,  London.  J.  B.  Bailliere,  13,  Rue  de  L'  Ecole 
de  Medicine,  Paris :    T.  O.  Weigel,  Leipsig. 

The  work  before  us  contains  the  best  treatise  on  heat  that 
we  have  yet  seen,  and  is  another  specimen  of  that  eminence 
of  talent  and  exquisite  discrimination  by  which  its  author  has. 
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for  €1  long  series  of  years,  distinguished  hyhimself  in  the  fields 
of  science.  The  phenomena  of  heat,  at  all  times,  display  a 
fine  field  for  the  contemplation  of  the  philosopher;  and  when 
arranged  in  that  judicious  manner,  treated  in  that  easy  and 
lucid  style,  and  discussed  with  that  fireedom  and  candour  in 
which  they  appear  in  this  work,  they  become  familiar  and 
interesting  in  every  department  of  experimental  science,  and 
easily  applicable  to  many  of  the  common  affidrs  of  domestic 
Ufe. 

The  work  is  printed  on  good  paper,  and  with  a  bold  clear 
type ;  and  contains  many  illustratiye  wood  engra^dngs  and  a 
copper  plate.  It  is  got  up  in  a  neat  stj^le,  and  ought  to  find 
a  place  in  every  scientific  library,  both  pubUc  and  private : 
and  we  strongly  recommend  it  to  ^e  perusal  of  families  who 
wish  to  obtain  information  in  these  subjects  on  which  it  treats. 


LXXV. — Miscellaneous. — Description  of  an  Electrical 
Machincj  made  by  Messrs.  Watkins  and  Hilly  5,  Charing 
Cross,  London,  expressly  Jbr  the  Royal  Victoria 
Gallery  for  the  Encouragement  of  Practical  Science, 
Manchester. 

Figure  5,  plate  XI,  is  a  perspective  view  of  this  splendid 
instrument,  ffff  is  a  stout  rectangular  mahogany  frame, 
supported  by  four  pillars  at  its  angles,  as  seen  in  the  figm^. 
From  each  of  the  two  long  parallel  sides  of  this  frame,  rise  two 
mahogany  pillars,  supporting  a  cross  piece,  which  form  a  vertical 
rectangular  frame  on  each  side  of  the  horizontal  one.  The 
firont  vertical  firame  is  represented  at  e,  e,  e,  e;  and  the  rear 
one,  which  is  principally  hid  from  view,  shows  one  of  its 
pillars  at  e,  on  the  right  hand  side  of  the  picture ;  its  other 
pillar  and  cross  piece  are  represented  by  dotted  lines.  From  each 
end  of  the  horizontal  firame  f,f,f,f,  rises  a  stout  glass  pillar 
^  </  and  y  g' :  surmounted  with  a  brass  ball  h  and  A.  These 
glass  pillars,  and  another  shorter  one  at  P,  support  the  curved 
brass  conductor  o,  o,o:  and  also  four  rubbers,  two  on  each 
pillar,  with  their  silken  flaps  s  s,  and  s,  s.  The  glass  plate, 
represented  by  the  large  oval,  is  four  feet  in  diameter :  and 
revolves  remarkably  true,  on  a  stout  brass  axle,  supported  in 
the  middle  of  the  cross  pieces  of  the  vertical  frames  e,  e,  e,  e, 
and  e,  &c.  The  vertical  brass  rod  r,  screws  into  the  ball  b,  and  is 
intended  to  keep  the  upper  silken  flap  from  being  displaced, 
by  connecting  them  with  silken  cord  in  the  manner  shewn  by 
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the  zig-zag  lines.  The  lower  silken  flap  is  kept  in  its  place 
by  attaching  it,  in  a  similar  manner,  to  its  vicinal  glass  pillar 
ff  g .  The  prime  conductor  c,  c,  c,  c,  is  a  splendid  appendage 
to  the  machine.  It  is  of  brass,  beautifiilly  polished  and 
lacqnered,  and  ftumished  with  a  stoat  solid  glass  stem  g,  g, 
which,  by  means  of  a  brass  dovetail  is  attached  to  the  cross 
piece  of  the  front  vertical  rectagular  frame  e,  e,  e^  e.  The 
collecting  points  proceed  from  two  straight  brass  tubes  ter- 
minated with  ebony  balls  as  seen  in  the  figure.  The  massive- 
ness  of  the  firame  work,  the  unusual  size  and  elegance  of  the 
prime  conductor,  and  the  excellency  of  workmanship  displayed 
in  the  whole,  give  to  this  machine  a  degree  of  magnificence, 
perhaps  never  before  equalled  in  any  piece  of  electrical 
apparatus.  Its  power  corresponds  with  its  magnitude  and 
appearance,  and,  if  possible,  surpasses  my  anticipations  at 
the  time  I  gave  directions  for  its  structure.  I  have  already 
passed  through  a  series  of  twelve  Lectures  on  electricity  since 
the  arrival  of  the  machine  at  this  Institution,  and  its  per- 
formance has  given  both  oiu"  Directors  and  myself  the  greatest 
satLsutction. 

WILLIAM  STURGEON. 

Koyal  Victoria  Oallery,  for  the  EDCoaragement  of 
Practical  Science,  Manchester. 


METEOE  SEEN  AT  SANDWICH,  KENT. 


Letter  to  the  Editor  on  a   Singular  Meteor  seen  at  Sand 
mchy  Kent. 

SiK, 

About  midnight  on  the  6th  mst.  a  most  extraordinary 
Meteor  was  seen  by  many  persons  in  these  parts,  but  I  had 
not  the  good  fortune  to  be  one  of  the  observers.  Persons 
with  whom  I  have  conversed  say,  it  was  as  large  as  the  moon 
atftdl,  the  light  intensely  brilliant,  even  more  so  than  the 
brightest  day  Ught,  and  that  our  gas  lamps  for  a  few  seconds 
were  reduced  to  insignificant  specks  of  Ught  It  passed  to 
the  N.  W.  I  hope  you  will  get  some  better  account  of  this 
phenomenon. 

W.  H.  WEEKES. 

Sandwich,  Feb.  16th,  1840 
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Note  on  Voltaic  Batteries. 

Inmf  '*  Einerimtntal  Rettarche*  in  Gak>amUm,  4*'."  pobHahedin  1830, 1  have  BteteA 
that,  if  any  meUiod  ooald  be  dcrbed  for  keeping  the  transfer  of  tiie  mereory  to  ttie  oom»er, 
amalfpunized  zinc  migbt  be  verf  advantueously  employed  in  the  stniotfue  of  rollaie  battenea. 
During  the  coarse  of  experinutnts  which  I  was  then  porsoing,  1  discovered  that,  althoo^  the 
electrical  power*  of  copper,  and  some  other  metals,  became  deteriorated  by  a  partial  eoattng  of 
mercury,  iron,  on  the  contrary,  had  its  electrical  powers  im]»OTed  by  such  a  coating  of  mer- 
cury, and  formed  with  amUgam.Urd  zinc,  a  more  powerfbl  battery  than  copper  with  sine. 

About  a  year  aco,  I  formed  a  batterr  of  twelre  iron  gas  tobee,  each  twelre  inches  high  ; 
and  stripn  of  amalgamated  zinc,  which  performed  remarkably  well.  I  am  now  "»«Tring  a 
very  extensiTebatbny  of  similar  materials  for  this  Institation,  whidi  I  shall  describe  in  die 
next  number  of  the  Annals. 

About  a  month  ago,  Mr.  J.  P.  Joule  pnrciiased  one  of  Grore's  batteries  of  Watkiiis  and 
Hill,  and  has  been  led  to  try  sheet  iron  instead  of  the  platinum.  That  gentleman  informs  me 
that  the  iron  perfonns  very  welL 

WILLIAM  STUBGEON. 
Boydl  Vtetoria  OuUerm  of  PraetUal  Science, 
Manckeiter,  MMreh  lOtk,  1840. 
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